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PREFACE

The United States Air Force Summer Faculty Research Program (USAF-SFRP)
is a program designed to introduce university, oollege, ard technical
institute faculty members to Alr Force research. This is accamplished by
the faculty members oeing selected on a nationally advertised campetitive
basis for a ten-week assignment during the summer intersession period to
perform research at Air Force laboratories/centers, Each assignment is in a
suoject area and at an Air Porce facility mutually agreed upon by the
faculty members and the Air Force. In addition to compensation, travel amd
cost of living allowances are also paid., The USAF-SFRP is spornsored by the
Air Force Office of Scientific Research, Air Force Systems Command, United
States Air Force, amd is conducted by the Southeastern Center for Electrical

Engineering,
The specific abjectives of the 1984 (SAF-SFRP are:

(1) To provide a praductive means for Scientists and Engineers holding
Ph.D. degrees to participate in research at the Air Force Weapons
Laboratory;

(2) To stimulate continuing professional association among the
Scholars and their professional peers in the Air Force;

(3) To further' the research objectives of the United States Air Force;

(4) To enhance the research productivity and capabilities of
Scientists and Engineers especially as these relate to Air Force
technical interests,

During the summer of 1984, 152 faculty members participated. These
researchers were assigned to 25 USAF laboratories/centers across the
country. This three wvolume document is a compilation of the final reports
written by the assigned faculty nembers about their summer research
efforts.
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PREFACE

The United States Air Force Summer Faculty Research Program (USAF-SFRP)
is a program designed to introduce university, college, and technical
institute faculty members to Air Force research. This is accomplished by
the faculty members being selected on a nationally advertised campetitive
basis for a ten~week assignment during the summer intersession period to
perform research at Air Force laboratories/centers. Each assignment is in a
subject area and at an Air Force facility mutually agreed upon by the
faculty members and the Air Force. In addition to compensation, travel and
cost of living allowances are also paid. The USAF-SFRP is sponsored by the
Air Force Office of Scientific Research, Air Force Systems Cammand, United
States Air Force, and 1is conducted by the Southeastern Center for Electrical
Engineering.

The specific objectives of the 1984 USAF-SFRP are:

(1) 'To provide a productive means for Scientists and Engineers holding
Ph.D. degrees to participate in research at the Air Force Weapons
Laboratory;

(2) To stimulate continuing professional association among the
Scholars and their professional peers in the Air Force;

(3} To further the research objectives of the United States Air Force;

(4) To enhance the research productivity amd capabilities of
Scientists and Engineers especially as these relate to Air Foroe
technical interests.

puring the summer of 1984, 152 faculty members participated. These
researchers were assigned to 25 USAF laboratories/centers across the
country. This three volume document is a compilation of the final reports

written by the assigned faculty members about their summer research
efforts.
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NAME/ADDRESS

Dr. Annalingam Anandarajah
Assistant Professor

S.D. School of Mines & Tech.
Civil Engineecing Dept.
Rapid City, SO 57701

(605) 394-2443

Dr. Gloria Anderson
Chairman

Morris Brovn College
Chemistry Dept.
Atlanta, GA 30314
(404) 525-7831

pr. Richard Anderson
Professor

University of Missouri
Physics Department
Rolla, MO 65401

(314) 341-4341

Dr. Deborah Armstrong
Assistant Professor
University of Texas
Life Sciences

san Antonio, TX 78285
(512) 691-4458

Dr. Francesco Bacchialoni’
Associate Professor
University of Lowell
Dept. of Electrical Enqg.
Lowell, MA 021854

(017) 452-5000

br, John Bahng
Assoclate Professor
Northwestern University

LIST OF PARTICIPANTS

DEGREE, SPECIALYIY, LABORATORY ASSIGNED

Degree: ph.D., Civil Ergineering
1982

Specialty: Geotechnical Engineering
Assigned: ESC

ree: ph.D., Chemistry, 1968
Specialty: Oryanic Chemistry
Assigned: RPL

Degree: Ph.D., Physics, 1959
Specialty: Optics, Atomic and Molecular

Physics

Assigned: APL

ree: Pr.D., Biopsychology, 1582

Specialty: Neurophysiology
Assi@: SAaM

Degree: Ph. D., Engineering, 1946
Specialty: Control Systems, Digital
Signal Processing,
#lcroprocessors
Assigned: GL

ree: sh.D., Astronomy, 1957
Specialty: Astonomical Instrumentation,
Computer Programming

Dept. of Physics & Astronomy Assigned: GL
Evanston, IL 60201
(312) 492-7527
it
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List of Participants (continued: page 2)

Dr. Cames Baird
Professor

Brown University
Chemistry & Phvsics Dept.
Providence, RI 02912
{401) 863-3325

Dr. Mikul Banerjee
Professor

Meharry Medical College
Dept. of Physiology
Nashville, TN 37208
{615) 327-6283

Dr. Alan Bentley
Assistant Professor
Eastern Montana College
Dept. of Physics
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Dr. Richard Bernhard
Profess~r

North Carolina State Univ.
Industrial Engr. Dept.
Raleigh, NC 27695
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Dr. Albert Bigys
Professor

University of Kansas
Electrical Engr. Dept.
Lawrence, XS 66045
(913) 664~4836

Dr. ILouis Buckalew
Assoriate Professor
Alabama AsM University
Dept. of Psychology
Normal, AL 35762

(205) 859-7451

Mr. Mike Burlakoff
Assistant Professor
Southwest Mo. State Univ,
Cumputer Science Dept,
Springfield, MO 65804
(417) 836-5930
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________

...................

ree: Ph.D., Physics, 1959
Clalty: Spectroscopy-laser,
Microwave

Assigned: GL
]
Degree: Ph.D., Animal Fhysiology,
1964

%cialtz: Respiratory physiology,
Environmental Physiology

Assigned: SAM

ree: Ph.D., Infrared
Astrophysics, 1980
%cialtx: Infrared Physics and
! Astrophysics

Ass igned: GL

E.:gtee:

Specialty: Engineering and Managerial
Economics; Decision Anay.
Assigned: BRMC

Ph.D., Operations Research,
1961

Degree: Ph.D., Electrical Engr.,
1968

%Cialt}{’ Microwaves and Antennas
ssigned: AL

l_)ggree:
Specialty: Physiological Psychology

Rsszgn s IMDC

Ph.D., Phys. Psychology,
1984

Degree: M.S., Math/Computer Science,
1965

cialty: Languages and Mvirorments
Signed: AL
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List of Participants (continued: page 3) N
Dr. Myron Calhoun Degree: Ph. D., Electrical Engr., f
Associate Professor 1967 v
Kansas State University Specialty: Digital Hardware and K
Computer Scienca Dept. Software N
Manhattan, KS 66506 Assigned: AD .
(913) 532~6350 -
i
Dr. Jeya Chandra Degree: ph. D., Ind. Eng. ard §
Assistant Professor Operations Rsch., 1980 .
Pennsylvania State Univ, Specialty: Stochastic Processes b
Dept, of Ind, & Mgmt. Engr. Assigned: SAA o
University Park, PA 16802 z
(814) 863-2358 ;
Dr. Do Chang Degree:  Ph. D., Chemistry, 1968 N
Associate Professor Specialty: Chemical Kinetics, Phase 5
Averett College . Transitions :
Chenistry Department Assigned: AD
panville, VA 24541 ~
(304) 793-7811 3
Dr. Huei-huang Chiu Degree: ph, .D., Aerocnautical Eng.,
Professor ‘ 1962 -
University of Illinois Specialty: Cambustion, Fluid -
Dept. of Mechanical Engr, Mechanics, and Propulsion .
Chicago, IL 60680 Assigned: APL i
(312) 996-3426 :
. :
Dr. Philip Chong Degree:  ph, D., Ind. Eng. and v
Assistant Professor Operations Rsch., 1977 o
Dept. of Industrial kngr., Specialty: Camputerized Resource >
North Dakota State Univ. Pianning and Scheduling g
Fargo, WD 58105 Assigned: IMC -
(701) 237-7223 :
‘2
br. Louis Chow Degree: Ph. D., Mechanical Engr. ‘o
Assistant Professor 1978 ’ -
Washington State University Specizlty: Heat Transfer, Fluid 4
Mechanical Engr, Dept. Dynamics -
Pullman, WA 99164 Assigned: APL ‘-j
(S09) 335-1327 l:j
Dr. Pavid Chung ree; Ph. D., Solid State
pProfessor Physics, 1966 o)
Howard Universijty Specialty: Fiber Optics Sensors (ltra- k
Department of “hysics sound, Solid State Zlect. =
washington, DT 20059 Assigned: FJSRL
(202) 636-7903
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Professor
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Assistant Professor
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University of Texas

Dept, of Industrial Engr.
Arlington, TX 76109

(817) 273-3092

.....

Degree: Ph. D., Mathematics, 1969
Specialty: Partial Differential
Equations

Assigged: SaM

Degree: Ph. D., Meterology, 1983
Specialty: Boundary-layer
, Meteorclogy

Assigned: GL

Legree: ph. D., Sci., Elec. Engr.,
1968

Specialty: High Power Arcs, Circuit
Breaker Design and Test,
Electrical Transients

Assigned: WL

Degree: Ph. D., BEngr. Puychology,
1978

Specialty: Human Factors, Human
Performance

Assioned: AEDC

Dejree: pPh. D., Aercspace Emgr.,

1965
Specialty: Aerodynamics, Gasdynamics,
Blast wWaves

Assigned: AD

Degree: ph, D., Physics, 1974
Specialty: Math, Physics ar'\d

Information Theorv
Assigned: GL

Degree: pPh. D., Industrial Engr.,
1973
Specialty: Ergonamics/Fuman Factors

Assigned: HRL/Wright-Patterson
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Dr. Hermann Donnert
Professor

Kansas State University
Dept. of Nuclear Engr.
Manhattan, KS 66506
(913) 532-5960

Dr. Robert Dorman
Assistant Professor
Kent State University
Dept. of Biological Sci.
Kent, CH 44242

(216) 672-3613

Dr. George Doyle, Jr.
Associate Professor
University of Dayton
Mechanical Engr. Dept.
Dayton, OH 45469

(513) 229-2835

Dr. Eric Drumm
Assistant Professor
University of Tennessee
Dept. of Civil Engr.
Knoxville, TN 37996
(615) 974-7715

Dr. Charles Drummond, III
Associate Professor

Chio State University
Dept. of Ceramic Engr.
Columbus, OH 43210

(614) 422-2960

Dr. Delcie Durham
Assistant Professor
University of Vermont
Civil & Mech. Engr. Dept.
Burlington, VT 05405
(802) 656-3320

Dr. Terrence Dvan
Associate Professor
The Citadel

Dept. of Elect. Engr.
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(803) 792-5057
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Physics
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Degree; Ph. D., Mechanical Engr.,
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Degree:  Ph, D., Civil Ergineering,
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claltys Glass Structure and
Speclaltys Properties
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Professor
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Specialty: Aercelasticity
Assigned: FDL
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Chemistry
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A5519n§a: HRL,/Brooks

vii




-

Ak

NSO

List of Participants (continued: page 7)

Dr. William Feld
Associate Professor
Wright State University
Dept. of Chemistry
Dayton, OH 45435

(513) 873-2511

Dr. Dennis Flentge
Assistant Professor
Cedarville College
Dept. of Math/Sci.
Cedarville, OH 45314
(513) 766-2211

Dr. Cynthia Ford
Assistant Professor
Jackson State University
Psychology Department
Jackson, MS 39217

(601) 968-2371

Dr. Bddie Fowler
Associzte Professor
Kansas State University
Electrical Engr. Dept.
Manhattan, KS 66056
{913) 532-5600

Dr. Basil Gala
Professor

California State University

Division of Engineering
Chico, CA 95929
(916) 895-5374

Dr. Barry Ganapol
Associate Professor
University of Arizona

Dept. of Huclear & Energy Eigr.

Tucson, AZ 85721
(602) 621-4728.

Dr. David Gilliam
Assistant Professor
Texas Tech. University
Dept. of Mathematics
Lubbock, TX 79409
(806) 742-2566

ees ph. D., Chemistry, 1971
Specialty: Organic Chemistry
Assigned: ML

Degree:  Ph. D., Physical Chemistry,
1974
Specialty: Catalysis, IR Spectroscopy

Assigned: APL

ree: Ph. D., Educ. Psychology,
1979

Specialty: General Psychclogy,
Statistics

_ Assigned: HRL/Brooks

ree: ph. D., Elec. Eng., 1969

Specialty: c31 Modeling ard Sim—
ulation Nuclear Degrad-

ation of Commn. Networks

Assigned: WL

ree: Ph. D., £lectrical Engr.,
1973
Specialty: Camputers-Pattern
Recognitiocn

Assigned: RALC

ees Ph. D., Nuclear Science,
1971
Specialty: Particle Transport Theory

Assly : RADC

ree: ph. D., Mathematics, 1977

Specialty: Applied Partial
Differential Equations

Agsigned: PADC

viii



.
F e

r s "‘
R

L

r

R o,
A MY

List of Participants (continued: page 8)

Or. Larry Glasgow
Assistant Professor
Kansas State University
Chemical Engr. Dept.
Manhattan, KS 66506
(913) 532-5585

Dr. Sallie Gordon
Assistant Professor
Wright State University
Dept. of Psychology
Dayton, OH 45435

(513) 873-2391

Dr. Thomas Graham
Professor

University of Dayton
Physics Cept.
bayton, O 45469
(513) 229-2329

Dr. Edward Greco, Jr.
Assistant Professor
University of Miami
Biomedical Engr. Dept.
Coral Gables, FL 33124
(305) 284~-2442

Dr. Ronald Greene
Associate Professor
University of New Orleans
Physics Deptartment

New Orleans, LA 70148
(504) 286-6714

Dr, Paul Griesacker
Associate Professor
Gannon University
Deptartment of Fhysics
Erie, PA 16541

(814) 871-7649

Dr. Thomas Gulledge, Jr.
Assistant Professor

Louisiana State University
Dept. of Quantitative Bus, Anal.
Baton Rouge, LA 70803

(504) 383-2126

ix

xjree: ph. D., Chemical Engr.,

1977

Specialty: Fluid Mechanics, Transport
Phenamena, Laser-Doppler

Velocity
Assigned: FJSRL

ree: Ph. D., Psychology, 1982
Speclalty: Social/Cognitive
Psychology
Assigned: HRLMright-Patterson

Degree: Ph, D., Physics, 1967

Specialty: Solid State/Surface
Physics/ Magnetic
Resonance

Assigneo: ML,

G Ph. D., Elec./Bicergr.,
1976
Specialty: Digital Signal Processing,
Biosystem Analysis and
Ventilatory Control

Assigned: SAM
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Assigned: AL
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Ph. D., Eng. Mgmt., 1981
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Specialty: Acoustic and Experimental
Phonetics

Assigned: RADC

ree: Ph. D., Cognitive
Psychology, 1977
Specialty: Cognitcive Processes in
Perception, Human Learning
ard Memory
Assigned: HRLMright-Patterson

Degree: Ph, D,, Ceramic Eng., 1977

Specialty: Structural Ceramic
Materials, Electronic
Ceramics, Microanalysis

Asgigned: ML
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PARTICIPANT LABORATORY ASSIGNMENT (Page 1)

1984 USAF/SCEEE SUMMER FACULCY RESEARCH PROGRAM

AERD PROPULSION LABORATORY
{(Wright-pPatterson Air Force Base)

Richard Anderson
Huei-huang Chiu
Louis Chow

John Erdei
Dennis Flentge

AEROSPACE MEDICAL RESEARCH LABORATORY
(Wright~Patterson Air Force Base)

1.
2‘
3.
4.

Gwendolyn Howze
Robert MacCallum
William Norton
David Reynolds

ARMAMENT DIVISION
(Eglin Air Force Base)

1.
2.
3.
4.
S.

Myron Calhoun
Do Chang
Robert Courter
Terrence Dwan
Chen-Chi Hsu

ARNOLD ENGINEERING DEVELOPMENT CENTER
(Arnold Air Force Station)

1.
2.
3.
4.

Greyory Corso
Doyle Hasty
Madakasira Krishna
M. Carr Payne, Jr.

AVIONICS LABORATORY
(Wright-Patterson Air Force Base)

2.
3.
4.
5.
6.
7.

Albert Biggs
Mike Burlakoff
Ronald Greene
Paul Griesacker
William McCormick
James Patterson
John Swetits

BUSINLSS RESEARCH MANAGEMENT CENTER

(Wright-Patterson Air Force Base) - - -

1.
2.

Richard Bernhard
Thomas Gulledge, Jr.

xxiv
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7.
8.
9.
10.

5.
6.
7.
8'

Kakkattukuzhy Isaac
Richard Miers

Paavo Sepri

Richard Tankin
Albert Tong

Joseph Saliba
Robert Schlegel
Robert Shaw
Yin-Min Wei

Charlees Jones
Robert Kallman
William Pardo
John Sheldon
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PARTICIPANT LABORATORY ASSIGNMENT (Continued: page 2)

ELFECTRONICS SYSTEMS DIVISION
{(Hanscom Air Force Base)
1.  William Perrizo
2. Charles Spiteri-

ENGINEERING & SERVICES CENTER
(Tyndall Air Force Base)
1. Annalingam Anandarajah
2. Eric Drumm
3. Paul Hoffman
4. Yong Kim

FLIGHT DWAMICS LABORATORY
(Wright-Patterson Air Force Base)
1. George Doyle
2. Franklin Eastep
3. Albert Havener
4, Mario Innocenti
5. Walter Jones

FRANK J. SEILER RESEARCH LABORATORY
(USAF Academy)
1. David Chung
2. Hetmann Donnert
3. James Eberhart
4, Larry Glasgow

GBEOPHYSICS LABORATORY
(Hanscom Air Force Base)
1. Francesco Bacchialoni
2. John Bahng
3. James Baird
4. Alan Bentley
5. Frank Colby
6. John Cyranski
7. Peter Hierl

HUMAN RESOURCES LABORATORY/LRL
(Wright-Patterson Air Force Base)
1. Subramaniam Deivanayagam
2. bPbmory Enscore, Jr.
3. Sallie Gordon
4, William Kane, Jr.
5. Krystine Yaworsky

HUMAN RESOURCES LABORATURY/OLR
(Williams Air Force BRase)
1. Arthur Harriman
2. David Kohfeld
3. Lowell Schipper

XXV

6.
7'
3.

10.

8.

10.
.
12.
13,

LI N o Y R R I

Datta Naik
Artnur Sterling
Jimmy Street
Martin wWerner

Meng Liou
Don Mittleman
Dale Moses
Kuldip Rattan
Hemen Ray

Hendrik Hameka
Richard Murphy
Robert O'Connell

Gabriel Kojoian
Nabil Lawandy
Bernard McIntyre
Martin Patt
Keith Seitter
Ken Tomiyama
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PARTICIPANT [ABORATORY ASSIGNMENTS (Continued: page 3)

HUMAN RESOURCES LABORATORY/MO
(Brooks Air Force Base)
1. Bruce Feiring
2. Cynthia Ford
3. David Lohman
4. Robert Vance

HUMAN RESOURCES LABORATORY/ID
(Lowry Air Force Base)
1. Larry Reeker
2. Stephen Wallace

LEADERSHIP & MANAGEMENT [EVELOPMENT CENTER
(Maxwell Air Force Base)
1. Louis Buckalew
2. Charles Lardent
3. Kevin Mossholder

LOGISTICS COMMAND
(Wright-Patterson Air Force Base)
1. Kendall Nygard

LOGISTICS MANAGEMENI CENTER
(Gunter Air Force Base)
1. Pphilip Chorg
2. Bruce Janson
3. EBEvelyn Leggette

MATERIALS LABORATORY
(Wright-Patterson Air Force Base)
1. Charles Drummond, III
2. Delcie Durham
3. William Feld
4. Thomas Graham

|h-\-
. :::;4 5. Viiay Gupta
-t 6. Vvinod Jain
s
LA OCCUPATIONAL & ENVIRCNMENTIAL HEALTH LABORATORY
. J (Brooks Air Force Base)
o 1. Stephan Nix
- ROCKET PROPULSION LABORATORY
s (Edwards Air Force Base)
T 1. Gloria Anderson
®. 2. E. Miller Layton, Jr.
m 3. Charles Mitchell
N 4. Howard Schleier
N 5. Brian Vick
(-
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7. FPRonald Kline

8. William Kyros
9, Larry Ludwick
10, James Schneider
11. Isaac Weiss

12. Chyang Yu
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PARTICIPANT LABORATORY ASSIGNMENT (Continued: page 4)

ROME AIR DEVELOPMENT CENTER
(Griffiss Air Force Base)

t. Adly Fam 6. Robert Jackson, Jr.
2. Basil Gala 7. David Lai

3. Barry Ganapol 8. Lonnie Ludeman

4. David Gilliam 9. John Minor

5. Brian Holmes 10. Johnny Wilson

SCHOOL OF AEROSPACE MEDICINE
(Brocks Air Force Base)

1. Deborah Armstrong 10. James Mrotek

7 2. Mukul Banerjee 11. lena Myers

A 3. Jeya Chandra 12. Boake Plessy

- 4. David Cohoon 13. Walter Salters

e 5. FRobert Dorman 14. Gordon Schrank

s 6. Edward Greco, Jr. 15. William Squires

<o 7. Kent Knaebel 16, William Stone

b 8. Raj Krishnan 17, William Thomas
[e 9. Odis McDuff

WEAPONS LABORATORY
(Kirtland Air Force Base)
1. Robert Colclaser, Jr.
2. Frederick Eisler:
3. Eddie Fowler
4. Arthur Kovitz
5. Harold Sorensen
6. Alexander Stone

xxvil

T e T e aNt  YLE L  A Y L R e AT L AN LMY A T e e el e s




PR
K

pi

e
* 'l“‘fi'.l

PR

8,

s &

i 1

. . » - L]
R PR N P e
B R PP AN A A P SRR A C YT S e P .

2

&

RESEARCH REPORTS
1984 USAF-SCEEE SUMMER FACULLY RESEARCH PROGRAM

¥

s

Volume I
Report
X Nurber Title Research Associate

Centrifuge Modeliny of Structural Dr. A. Anandarajah
Response During Underground

Explosions- a Preliminary Theo~

retical Feasibility Study

1
e

L it

eyt A

€« . R _g B o
-

P
L)

2 New Synthetic Techniques for Dr. Gloria L. Anderson
Advanced Propellant Ingredients:
Selective Chemical Transformations

and New Structures - Bis-

Fluoradinitroethylamino

. Derivatives

3 Infrared Absorption Spectra of Dr. Richard Anderson
Rt Silane and Disilane .

4 The Characterization of 14c- Dr. Deborah L. Armstrong
Serotonin Uptake into Cerebellar
Glomeruli

ﬂ 5 Automatic Controller for Space Dr. Francesco L. Bacchialoni
Experiments

6 Two-Color’ Refractometry for Dr. John D. R. Rahng
Astronomical Geodesy

H 7 Long Wavelength infrared Emissions Dr. James C. Baird
- fran a Recombining Oxygen Plasma

;-ff.j 8 Development ot a High Frequency Dr. Mukul R. Banerjee
Lung Ventilation Model for
Testing Ivder Hypobaric Conditions

,Q . 9 Astronomical Observations Using Dr. Alan F. Bentley
<. the Imaging Camera of the Large
Aperture Infrared Telescope System

“
" 10 Some Recommendations for Dr. Richard H. Bernhard
Improvements in the Theory and
e Practice of DoD Incentive
Contracting

1 Simulation of Radar Reception from Dr. Albert W. Biggs
Terrain and Airborne Targets

xxviii
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Report
Number

12  USAF Spouse Survey:
Model, Critique, and Revision

Title

13  Ada Compiler Evaluation and
validation (E&V) Taxoncmy

14 Software Drivers for the Z-204

Multiport Interface Card

15 The Analysis of a Single Base

in an Airlift Operation

16 The Roles of PEI as an Additive

in EAK

17 The Uniqueness of Phase Retrieval

from Intensity Measurements

18 Investigating the Potential

Application of an "Integrated"”
Resource Management System to
Various Air Force Environments

19 Low Temperature Expandable Mega-

Watt Pulse Power Radiator

20 Experimental Evaluation amd

Development of Components for an

Infrared Passive Laser Gyro

21 The Electromagnetic Pulse Response
of Structures with Frequency
Dependent Electrical Properties

22 Comparison Between Two Atmospheric
Boundary Layer Models: Secomxi-Order
Turbulence Closure Versus Highly
Parameterized, Simplified Physics

23 A Study of the Shive Star-Type
Inductive Pulse Compression System

24 An Identification of the Human
Limitations in the Control Roam of
Wind Tunnel 4T

25 Internal Flow Studies of a Class

of Hallistic Launchers

..........

..............

Theoretical

Research Associate

m.

L.W. Buckalew

Mike Burlakoff

Dr.

Dr'

Dr-

m'

Dr.

Dr.

Or.

m.

Dr.

Dr,

Dr.

.....
A .
L

Myron A. Calhoun

M. Jeya Chardra

Do Ren Chang

Huei-huang Chiu

philip S. Chong

Louis C. Chow

David Y. Chung

David K. Cohoon

Frank P. Colby, Jr.

R. Gerald Colclaser

Gregory M. Corso

Fobert W. Courter
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;'; Report
E Number
X 26

- 27

i 28

29
30
. 3
(
. 32
33
|

34

- 36
.
: 37
_.
¢ 38
:l
.l
)
\
-
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Title

Dynamical Spectral Analysis for
Nonstationary processes

An Experimental Investigation of
Human Torque Strength

Effects of Nuclear Radiation on
the Optical Characteristics of
Laser Components

Pnospholipid Metabolism in a
Synaptic Membrane Preparation
Isolated fram Cerebellar Cortex

A Review of Computer Simulations
for Aircraft-~Surface Dynamics

Constitutive Modelling for Blast
Induced Wave Propagation

SiC Reinforced Glass~Ceramic
Composites

Computer Simulation of TI-6AL~-4V
and Rene' 95 Disks for the T-700
Engine

Graphics Generation and Image
Enhancement and Restoration
Techniques

Structural Modifications to
Snhance the Active Vibration Con-
trol of Large Flexible Structures

Wetting Behavior of Imidazoliium-
Containing Room-Temzerature
Molten Salts

The Emittance of Particle and

Laser Beams and Measurement of the

Angle Between Crossed Laser and
Particle Beams to High Precision

A Generic Logistics Model for
Evaluating Operational Readiness
of a Weapon System

Research Associate

Dr. John F. Cyranski

Dr.

br.

Dr.

.......
..............

S. Deivanayagam

Hermann J. Donnert

Robert V. Dorman

George R, Doyle, Jr,

£. C. Drumm

Charles H. Drummord

Delcie R. Durham

Terrence E. Dwan

Franklin E. Eastep

James G, Eberhart

Frederick R. Eisler

E. Fmory Enscore, Jr.
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'C:;'.'. Report .

O Number Title Research Associate
n 39 Characterization of Turbulence Or, Jchn E. Erdei

Through Methods of Field Theory

40 Issues in High Throughput Dr. Adly T. Fam
Signal Processing

@ 41 Upgrade of Policy Specifying Dr. Bruce Feiring

42 New pPhenoxy Substituted Dr., William A, Feld
Dianhydrides

43 Cyclic Voltammetric ard Cobra Dr. Dennis R. Flentge
Analysis of Synthetic Lubricant
Degradation

44 Gender Differences on Subtests Dr. Cynthia A. Ford
of the ASVAB and the Relationship

) Between ASVAB Subtest Scores

ard Psychological/Social

R Variables for Males ard Females

45 Communications Network Dr. Eddie R. Fowler

Simulation Topics ~

«“‘ 456 Nonparametric CFAR Detection of Dr. Basil E. Gala
MTT Radar Signals in Heavy
Clutter

47 Benchmark Solutions for the Dr. Barry D. Ganapol
Spencer-lewis Equation
Describing Electron Transport

u in an Infinite Medium
- 48 Electromagnetic Waves in a Dr, David S, Gilliam
A, Disturbed Atmosphere Envirorment
’ 49 Altermative Computational Dr. Larry A. Glasgow
- Methods for Separated Flows on
Py Pitched Airfoils
N Volume II
50 Manual and Computer-Aided Dr. Sallie E, Gordon

Sequeintial Diagnostic Inference

® ) 51 Angle Resolved Ion-Scattering Dr., Thomas P. Graham
' Spectroscupy-a Feasibility Study

52 Electrogastrogram and its Dr. Bdward C. Greco, Jr,.

Effectiveness in Evaluation of
Motion Sickness
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Report
Numper Title
53 Far-Infrared Absorption

54

55

56

57

58

59

60

61

62

63

. %,

Profiles for Shallow Donors
in GaAs-GaAlAs Quantum Well
Structures

Digital Signal Processing
Approaches for Analysis and
Evaluation of Communication
Systems

Production Rate Variations
Cost Models

Research Associate

Dr. Fonald L. Greene

Dr. Paul B. Griesacker

Dr. Thomas R. Gulledge, Jr.

Thermal Stability Characteristics  Dr. Vijay K. Gupta

of Silahydrocarbons

Calculations of Electron Spin
Resonance Coupling Constants

Effects of Pyridostigmine on
Performance of Mission-ready
Pilots in the OT Simulation
Facility

Propulsion Facility Planning

Dr. Hendrik F. Hameka

y De. Arthur E. Harriman

Dr. Doyle E. Hasty

for Test Information Productivity
Improvement with Emphasis on Data

Measurement Uncertainty in the
Engine Test Facility

A Study on Point Diffraction
Interferometry Plus Holographic
Measurements of a Turbulent
Boundary Layer on a Koughened
wind Tunnel wall

Effects of Temperature and
Reactant Solvation Upon the
Rates of Gas-Phase Ion-Molecule
Reactions

A Monte Carlo Sampling of BDR
Times

Bismuth Silicon Oxide: Sample
Variability Investigated with

Dr. A. George Havener

Dr. Peter M, Hierl

Dr. Paul C. Hoffman

. Brian W. Holmes

Thermally Stimulated Conductivity

and Thermoluminescence
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Report
Number

64

66

67

68

69

70

T

72

73

74

75

76
77

78

''''''

Title

Compariscn of pPeriosteums
from Femur and Vertebral Bone

On a Thin~Layer Navier-Stokes
Code and Transcnic Projectile
Aercdynamics

Effect of Display Dynemics in
Manual Control Tasks

Computational Study of Ramjet
Compustor Flowfields

Numerical Characterization of
Microstrip Discontinuities on
Thick Substrates

Advanced physiical Modeling/
Wedge Test Development

Development of a Vehicle Pleet
Analysis System

photographic Emulsions for
Preparation of Holographic Filters

Fracture Behavior of Cross-Ply
Graphite/Epoxy Composite Laminates

The Optimal Construction of
Synthetic Discriminant Functions
for Optical Matched Filters
Stress ard Aircraft Maintenance
Performance in a Combat
Enviromment

Finite Element Analysis of
Certrifuged ~7ncrete Culverts

Acoustic Emission in Composites
Process Configuration Alternatives
for Separation of Gas Mixtures

by Pressure Swing Adscrption

The Distributional Analysis of
Contrast Sensitivity Measures

xiniid

.

Research Associate

Dr.

m.

Dr.

Gwendolyn B. Howze

Chen~Chi Hsu

Mario Innocenti

Kakkattukuzhy M, Isaac

Robert W. Jackson, Jr.

vinad K. Jain

Bruce N, Janson

Charles R. Jones

Walter F. Jones

Robert R. Kallman

Dr.

br.

nDe.

Or.

br.

te
‘e .

william D. Kane, Jr.

Yory S, Kim

Ronald A. Kline

Kent S. Knaebel

David L. Kohfeld
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Nunber

KL

80

81

82

84

85

86

87

88
89

90

91

Title

The Relation Between Hard
X-Ray Bursts amd Type 11
Radio Emission

Thermal Layer Development
with Energy Flux at the
Ground/Air Interfuce

Computational Fluid Dynamics
Grids~Flow Properties Inter-
pretation Algorithm

‘Development of an Optical

Multichannel Analyzer System

Interlaminar Shear Testing
of Carbon/Carbon Composites

Two-Dimensional Median for
Image Preprocessing in Machine
Recognition S

Psychological Correlates of
Physiological Indicators of
Stress-Related Disorders: A
Search for Structure and
Relatedness

Optical Bistability with Liquid
Media: Experimental Studies and
Theoretical Predictions

Survey of High-Energy Molecular
Systems

Rewrite of AFM 28-345

Numerical Simulation of a
Supersonic Inlet Plow

Information Processing Analysis
of Spatial Synthesis and of the
Relationship Between Learning
and Intelligence

Suboptimm Extrapolation for
Spectral Estimation

xxxiv
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Research Associate

Dr. Gabriel Rojoian

Dr. Arthur A. Kovitz

Dr. Madakasira G. Krishna

Dr. Raj. M. Rrishnan

Dr. William Kyros

Dr. David C. Lai

Dr. Charles L. Lardent, Jr.

Dr. N.M. Lawandy

Dr. B, Miller Layton, Jr,

Dr. Evelyn J. Leggette
Dr. Meng-s8ing Liou

Dr. David F. Lohman

Dr, tonnie C, Ludeman
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Equation Modeling to
Experimental Data

94 The use of the Instantaneous Dr.
Frequency Transient in the
Desiyn and Optimization of
the Channelized Receiver amd
Instantaneous F.equency
Measurement (IFM) Versions of
the Passive EW Receiver

95 Techniques for Ultra-Short Dr.
Pulses in Nd:YAG Lasers

96 Plasma Generation and Dr.
Diagnostics for Ionospheric
Plasma Simulation

97 Spectroscopic Studies of Dr.
Thyratron Discharges

98 On Interfacing lLogic Programming Dr.
Systens and Relational Databases
LA cotalis 57 “7)4‘.": S
,Volume 111
eas feniv 299y gvaluatiomof Models for Liquid Dr.
Propellant Rocket Combustion )
Instability; -

~

100 _ Large Space Structure Dynamic Dr.
Testing ; ~

101 —~ Acquisition of Wind Tunnel Dr.
Wall Pressure Dis*ributions
for use in Developing X 3-D
Transonic Wall Correction Code§

102 Leadership Effects as Measured Dr.
by the Organizational
Assessment Packager - A Mélti—
level Perspective: |

103 -Raman Spectroscopy of Unstimulated Dr,
and Stimulated Cultured Normal and
Neoplastic Human or Mammalian
Cells - ... , e

-

7 Report
Number Title Research Associate
92 Silane-Treated Silica Fillers Dr. Larry M. Ludwick
for Elastomer Reinforcement
93 The Application of Structural Dr. Robert MacCallum

wWilliam S. McCormick

Odis P. McDuff

Bernard McIntyre

Richard E. Miers

John T. Minor

4

Charles E. Mitchell

Don Mittleman

Dale F. Moses

Kevin W. Mossholder

James J. Mrotek
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Report
! Number . Title Research Associate
/
104 OPreliminary Monte Carlo . Dr. R. D. Murphy
o Studies of the Structure of
- Molten Salts;
'j::}_ 105 (:‘Military Family Stress ; ~ Dr. Lena Wright Myers
E 106 - Air Oxidation of Hydrazine --— Dr. Datta V. Maik
: o A Kinetic, 8tudy s
: , » e N
; " 107 “Conceptual Design of the USAF Dr. Stephan J. Nix

Installation Restoration
Program Information Management
System ) -,

108 Thefc;f:otoxic Effects of Dr. William N. Norton
Trimethylpentane on Rat Renal
Tissue
D
109 f’obmputer-Based Optimization Dr. Kendall E. Nygard

Algorithms for LOGAIR Cargo
Allocation
110 _Laser Damage Studies in Dr. Fobert M. C'Connell
Purified and Plasticized
Pol rakylmethacrylates; -

v
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111 - Sxperimantal Physics Aspects Dr. william B. Pardo
of J» AFATL Railgun Effort - 4 -

$°2%s
Pt

2"t
C
o sf %t

112 Malysie of the Validity of Dr. Martin A. Patt

- B~rnes 1ri- smissometer Data
I
N 113 Permanent Periodic Magnets amd Dr. James D, Patterson
e the Repr- fucibility of
a Traveli-. Wave Tubes
o
o 114  Operator Activities in wind Dr. M. Carr Payne, Jr.
. Tunnel 4T
S
. 115 Future Tactical Air Control Dr. William Perrizo
: N System Database Design
A
- 116 Raman Spectroscopy of Dr. Boake L. Plessy
i3 Glycosaminoglycans from
. Bovine Cornea
117  Study of Control Mixer Concept Dr. Kuldip S. Rattan
for Reconfigurable Flight
< Control System
[
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Human Cardiopulmonary System

-
W
prsnny
2 Report
' Number Title Research Associate
m 118 Analyslis of Armor Bracketry Dr. Hemen Ray
o 119  Artificial Intelligence ard Dr. Larry H. Reeker
:u;, Computational Linguistics
X Research
h 120 Mathematical Modeling of the Dr. David B. Reynolds

vy
AL
P

121 Nonlinear Modeling of Seat Dr. Joseph E. Saliba
: Cushions
122 The Relationship of Fibrinogen Dr. Walter L. Salters

_—rs
. T ¥y

and Plasma Lipids to Bubble
Formation at the Air Interface
During Decompression Sickness

P
cleretat,

ecte o e

123 N/A Dr. Lowell Schipper

124 Evaluation of Training Performance bLr. Robert E. Schiegel
for the USAF Criterion Task Set

125 Regenerative Heat Transfer in an ODr. Howard Schleier
LSSCDS Exgine

AR At P
. e
-

126 Raman Spectroscopy Studies of Dr. James Schneider
Extrinsic P-Iype Silicon

e
AR -5
e

o 127 Bacteriologic Techniques for the Dr. Gordon D, Schrank
- Isolation and Identification of

- Legionellae

@ 128 A Three-Dimensional Radiation Dr. Keith L, Seitter

c-

Boundary Condition for Mesoscale
Numerical Models

'3

129 Calculation of Enhanced Heating Dr. Paavo Sepri
in Turbulent Boundary Layers
Influenced by Free Stream
Turbulence

[ o o 2l 8 4
TS f
X

e

.t

130 An Adjoint Systems Approach to Dr. Robert E, Shaw
Learning and Transfer of Training

¥

D Sy
>
S .
~ et
« e

131  The 'theory of Self-Heating Dr. John W. Sheldon
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EVALUATION OF MODELS FOR LIQUID PROPELLANT

ROCKET COMBUSTION INSTABILITY

by
Charles E, Mitchell
ABSTRACT

Models for the determination of the stability characteristics of liquid
propellant rocket engine combustors are evaluated. Recommendations
concerning the use of the four most widely used models; the Priem Model,
the Crocco~Reardon Model, the Beidmann~Feiler Model, and the Dykema
Model are made. Each of these models {8 found to be incomplete,
inaccurate and/or approximate as far as predictive capability is
concerned. The continuing need for fundamental understanding and
modeling of the (open-loop) response of the combustion process is
discussed, and research aimed at gaining this understanding is
suggested. The need for an overall (closed-loop) combustion instability
model which includes the major combustor features which may interact and
affect stability is pointed out, and such a model, developed at Colorado

state University, is presented and proposed for further development.
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I. INTRODUCTION

The problem of combustion instability has plagued the development and
application of liquid propellant rocket engines from the earliest days
of their use., A tremendous amount of effort and resources has been
expended over the last three decades in controlling this problem. The
major period of activity in this country extended from the early 1950's
to the early 1970's. During this time, some considerable progress in
understanding the nature of the instabilities was made, and analytical,
numerical, empirical and semi-empirical models were developed in order
to aid in the production of stable engines. No complete, universal
solution to the problem was found, however, and no single widely
acceptable predictive model emerged. Rather, a fragmented situation
resulted in whicin design engineers from different engine manufacturers
used dittet;nt techniques and models to work toward stable
configurationa. Much of this, in the end, depended on the practical
experience and skill of the particular engineers involved for success:
more art than science was required. On the theoretical aide, all the
models were limited to some extent, and controversy as to the physical
and mathematical correctness of the several theories was rife, and never

resolved satisfactorlly.

With the decline in interest in the development of new liquid
propellant motors which occurred in the 1970's, their stability problems

became less important and the number of investigators working on the

99-3
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problem, as well as the resources dedicated to its solution, dropped
essentially to zero., Recently, however, a new range of potential
applications for liquid propellant engines, associated with orbital
transfers, and satellite repair, modification, managment and
destruction, has been identified, Stability problems are to be
anticipated with the new engines required, and in fact have already
occurred in one development program. At this time, however, the people
who developed the earlier models and cultivated a hard won skill in
their use are, by and large, gone from the scene, The body of available
information which remains is plentiful, complex, diffuse and confusing
to new endineers involved in the design p.ocess. A need both for a
critical review of the older work as well as a renewed efffort in the
fundamental solution of the liquid rocket stability problem has been
identified by the Air Force Rocket Propulsion Laboratory. It is the
purpose of the research described here to contribute to the satisfaction

of this need.

The SCEEE Faculty Pellow invoived (C. E, Mitchell) performed liquid
rocket stability research (funded by NASA and NSF) continuously from
1968 to 1978. During this ten year period a closed loop stability theory
for liquid rocket combustors was pursued by the Pellow and his graduate
students at Colorado State University The development of this theory was

never finished due to the lack of interest (and funding) which occurred

at the end of the 1970's, though several partial or approximate analyses

evaluating the effects of injector face baffles, acoustic cavities, and
both linear and nonlinear waveforms on overall combustor stability were

completed, A computer code based on a simplified, linearized version of

99~4
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the theory was also written, documented and diat:ibuted.l

Though recently involved in other research areas, Professor
Mitchell has retained a strong interest in liquid rocket stability and
welcomed the opportunity afforded by the SCEEE program and the renewed
interest of the Air Porce in liquid rockets to return to the field,
assess the state of the art, and resurract the stability theory

mentioned above,

II. OBJECTIVES OF THE RESEARCH EPFORT

The general goal of this research was to initiate a comprehensive review
aud critical evaluation of the state of the art in liquid rocket
combustion instability analysis and modeling. The intent was primarily
to help provide a knowledge base from which future research in stability
modeling might proceed., One element of this knowledge base was'to be
the stability code developed by the SCEEE PFellow and discussed briefly

in the Introduction,
Concisely, the specific objectives were:

(1) To critically review and evaluate the stability models which
have been used most widely in the past, particularly in liquid rocket
development programs, and to determine and define their strengths,

weaknessss, and limitations,

(2) To identify essential areas for additional research, based

primarily on this review of the existing models, but including reference
99-5
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to the general body of theoretical and experimental literature on

combustion instability as time permitted.

(3) To install and make operational the Fellow's integral, closed
loop stability model on the AFPRPL computer system and to familiarize a

gtaff member with its use.

III. EVALUATION OF EXISTING STABILITY MODELS

As mentioned in the Introductson, the bulk of the liquid rocket
instability work performed in this country was completed by the early

2
1970's, A reference book on liquid rocket combustion instability which

was published in 1972 therefore served as an excellent starting point
for this review, Both the summaries given there and the extencive
reference list provided were extremely useful, In addition the.
proceedings of the JANNAP Combustion Meetings (1964-1983) were used
extensively. Other papers and reports both from the Pellow's personal

library and from the APRPL library were alsc employed,

Though considerable background and general review was done to
reacquaint the Fellow with the field, attention was focused primarily on
the four stability models which have been used most often in the past in

designing stable liquid rccket combustors, These are: the Priem

EL RIS
P . v
e

3,4,5 6,7,8
Model; the Crocco-Reardon (sensitive time lag) Model; the
9,10
Dykema Model; and the Heidmann-Peller (response factor)
99~-6
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Model. Particularly in the case of the Priem Model and the

Crocco-Reardon Model, no single computer code or reference exists, but
rather a body of experimental, analytical and numerical work all
following generally the same approach and modeling philoscphy. This is,
an organization will say that, for example, the Priem Model wasz used to
evaluate the stability of a certain engine. In reality that
organization's version of the Priem Model, often extended and/or
modified in several ways was used, With this in mind each of the four
modeling approaches was studied and evaluated to determine its generic
strengths and weaknesses, Both mathematical and physical features of
the several models were considered and conclusions as far ags the
correctness, applicability, accuracy, and future potential of each of
them were drawn. Recommendations based on these conclusions are given
later in this report. Space limitations permit neither a presentation
of the analytical approach used in these models, nor a critical
discussion of their features here, However, a report containing this
information for each of the four models considered is currently being

completed and will be submitted to the Air Porce Rocket Propulsicn

Laboratory separately.

IV, INSTALLATION OF THE CSU STABILITY MODEL

1
A simplified computer code based on a general stability theory

developed by the Fellow and hiz gradute students at Colorado State

39=7
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University was wnsmitted to AFRPL and made operstional on its CDC

computer system during the appointment period.

Several distinct analyses all based in a general way on an integral
Green's function approach to the evaluation of overall liquid rocket
engine atability were performed by the CSU group from 1969~1979, and
included treatment of slot absorbers, acoustic liners, conical wozzles,
nonlinear waveforms, wave distortion effects on vaporization response,
axial combustion distribution, and injector face baffles. 1n general
these formed thesis topics for the graduate students involved, most were
published in the literature in one form or another (A complete list of

these i3 given in Reference l.)

The code MODULE, as it exists, contains a simplified form of the
anlysis. The intent in writing it was to produce a somewhai ;aer
friendly program which could be used and understood by somecne with only
a modest background in liquid rocket stability. The code can be used
either to produce stability maps, or to determine frequency and decay
rates for a given configuration. The simplified form considers three
dimensional linear oscillations in a cylindrical combustor with a nozzle
of arbitraiy acoustic admittance, a slot acoustic absorber or partial
length acoustic liner, a combustion zone response of abritrary frequency
dependence, concentrated at the injector and an arbitrary mean flow Mach
number. Injector face baffles, axial combustion distribution and finite
amplitude wave effects are not included in this simplified form because

the original analyses of these features were cumbersome, time consuming

numerically, or incomplete., Reworking and improvement of these aapacts
of the model s0 that they could bs added to MODULE in order to increases
99-8
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its comprehensiveness is suggested as a goal of follow-on vork.

An APRPL cooperative student, Steve Wall, was given some
introductory tutoring in the use and interpretation of the code, Ny the
end of the summer appointment period he had gained some facility in its

use and had run several test cases,

V. RECOMMENDATIONS

(1) Use of the Pour Stability Models Reviewed

Each of the models reviewed, the Priem Model, the Crocco-Reardon
Model, the Heidmann-Peiler Model, and the Dykema Model, was found to be
flawed and wanting as far as the ability to predict stability behavior

quantitatively is concerned,

it is recommended that no one-dimensional (standard form) of the
Priem Model be used in making stability predictions, It is worthwhile
to study this model in order to gain familiarity with the numerical
approach involved, and to serve as a knowledge base from which

multi-dimensional forms of this type of model can be developed (See

T e e m——

LN e R

q

Recommendation (5)). However, the one Gimensional collaps:.4 geometry "

q

q

assumed, and the freguency independent vaporization model used are .

sufficiently unrealistic that predictions must be rated unreliable. g

5

The Crocco-Reardon Model depends upon empirical correlatinons for f

its predictions. The model parameters (interaction index and time lag) .

determined through these correlations can only be taken as quite ;

99-9 .
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approximate for any injector-proprellant combination. Moreover, in
order to use these correlations it is necessary that an accurate
stability map {(in terms of interactior index and time lag required)
which correctly includes all other chamber features be available. The
capability for this is only now being developed (See Recommendation
(3)). Consequently, it is recommended that this type of ptediétion be

used only qualitatively, and with great caution.

The open-lcop models reviewed (Haidmann-Feiler, Dykema) are
specific to an assumed combustion mechanism in each case. 1t is not
known a priori which »f these, if any, is the critical stability
mechanism in a given liquid rocket engine. 1In addition the models have
not been validated experimentally. (See Recommendations (4) and (2)).
Finally, these models are open-loop in form and at best can only give
directions for stability improvement, not the magnitude of the changes
éequired. Therefore, it is recommended that this type of model not be
used directly for stability prediction, but rather that each be
evaluated experimentally and, if verified, then be used as input

elements of an overall stability modél.

(2) Combustion Response Characterization and Modeling

The review conducted indicated that the mechanisms by which the
combustion process in liquid rocket engines responds to high frequency
pressure and velczity oscillations is not yet well understood. Indeed,
the response models available are almost entirely quasi-steady

extensions of steady state models and correlations. Diagnostic

99-10
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techniques developed in related combustion fields dﬁring the past decade
(CARS, LDV, etc.) appear to make detailed experimental studies of the
unsteady injection, atomization, vaporization and diffusion processes
feasible at the present time. Consequently it is recommended that an
experimental program with the goal of describing and characterizing the
mechanisms present in the several phases of the unsteady combustion
response process be carried out., Specifically, these experiments should
be designed so that the effects of imposed oscillations (pressure and
velocity) of varying amplitude, waveform and frequency can be observed
and measured., Results of these experiments should be used as inputs to,
and in conjunction with, modeling efforts directed at the
characterization of individual mechanisms as well as the overall

response process in open-loop form,

(3) Development and Improvement of the CSU Stability Model

The Colorado State University stability model is probably the most
comprehensive analytical technique for the evaluation and prediction of
the overall stability of liquid propellant rocket engines currently
available. The model's present form is incomplete as discussed above,
It is recommended that the existing model be extended and modified to
predict the effect of arbitrary combustion distribution, nonlinear and
distorted waveforms, andﬂinjeétofigace baffiés. That thése features
can, in principle, be treated by the integral Green's function approach
employed has been established in several limited and/or approximate

analyses of these effects, already perfomred by the author and his

99-11
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students. The code should also be generalized so that it can accept as

inputs the results of the open-loop combustion response models generated
as a result of the experimental and analytical efforts of Recommendation
(2). part of this effort could be completed under the RISE follow-on

research program.

(4) Liquid Rocket Instabllity Research Engine

It is recommended that an experimental liquid propellant rocket
research engine dedicated solely to the evaluation and validation of
both open-loop combustion response models (Recommendation (2)) and the
overall combustor stability model (Recommendation (3)) be designed and
cunstructed., 1In the past the great majority of data on liquid rocket
stability has been gleaned as a by-product in development or stability
improvement programs associated with production engines. This ha:z led
to incomplete, sparse and fragmented data on instability being the
frequent result, A single research test bed developed in coordination
with the open-loop and overall stability modeling efforts should avoid
this and lead to a synergistic solution to the problem. Certainly the

regsearch engine should be of an extremely flexible design and

reconfigurable as far as the major engine elements critical to stability

(injector, baff.es, acoustic absorber, nozzle) are concerned. 1In
addition, a system for controlled pulsing of the engine would be a

necessity.
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(5) Numerical Analysis of Wave Develoment

The overall stability model of Recommendation (3) evaluates and
predicts the stability of a periodic or almost periodic oscillation. It
cannot predict the temporal development of such a wave or oscillationm,
nor, directly, the size or shape of combustor disturbance necessary to
initiate it. A numerical integration of the governing conservation
equations, given a combustion response model and geometrical
configuration could provide such information., This type of analysis
(which would be in the spirit of, and an extension to, the Priem
approach) would have to be at least two dimensional (see the discussion
of the Priem Model given above) and flexible enough to accept azbitréry
open-loop combustion response models. Results from calculations should
be useful i- predicting triggering behavior and in evaluating
numerically the relative potential of open loop response mechanisms for
initiating oscillations, Preliminary work in the development of this

analysis is suggested as an appropriate part of a RISE program.
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LARGE SPACE STRUCTURE DYNAMIC TESTING

by
Don Mittleman

ABSTRACT

The focus of this work is to describe theoretically the behavior of a
flexible body subject to vibrations in a zero- gravity environment and to be
able to simulate this behavior in a 1-g environment. Thus, if we have a
flexible body suspended at n-points by fine wires that pass over friction-
less pulleys and these wires then extend over a tecond set of pulleys and
drop down to a second flexible body that is an identical copy of the first
and is similarly attached to the wires, then the net force., at least at the
points of suspension, acting on either body, are zero. While we are far
from solving the vibrational characteristics of such complex systems, these
characteristics have been analyzed for two simple cases. These consist of a
single and two masses rigidly connected. The theory and the apparatus for -
both cases are presented. The results of several numerical experiments as

well as those of some physical experiments are described.
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I. Introduction |
l The pirpose of this work is to be able to describe theoretically the ?
: behavior of a flexible body subject to vibrations in a zero-gravity
environment and to be able to simulate this behavior in a laboratory in a
. )
| 1-g environment. Thus, if we have a flexible body suspended at n-points by i
. fine wires that pass over frictionless pulleys and these wires then extend i
- r
over a second set of pulleys and drop down to a second tlexible body that is R
i an identical copy of the first ard is similarly attached to the wires, then {
the net forces, at least at the points of suspension, acting on either body,
. are zero. While we are far from solving the vibrational characteristics of "
i such complex systems, these characteristics have been analyzed for two E
; simple cases. These two cases consist of (1): a single mass, and (2): two .
masses rigidly connected. While it was hoped to describe the behavior of i
. two masses, flexibly connected, time did not permit. The description of the &
! theory, the apparatus, the results of several numerical experiments as well }
as those of some physical experiments are described in the succeeding S
sections, v
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II. A Single Mass - Mathematical Statement

The experiment to be analyzed is depicted in Figure 1. Two
frictionless pulleys, each of radius R and lying in the plane
y = 0, are attached to a framework so that their line of centers is h meters
above the z = 0 plane. The total length of the fine wire (.010" diameter)
is constant and equaIs.[ 1 +‘é; + IR + d. When the mass my is displaced
through an angle ©, the distance from m, to the point of contact (tangency)
on the pulley is ca]]ed/o . If the coordinates of m, are (Xl’ Yy zl), we
may assume x, = -R (as meac..od from the center of pulley 1), ¥y = 0 (i.e.
the only aliowable motion is in the vertical direction) and zy = h- é;. If
the coordinates of m, are (XZ’ Yo» zz), then, when measured from the center
of pulley 2, Xy = R cos® +/3sine, ¥y = 0, and z, = h + R sin8 i/ocose.
since £ | +47R + d + (37-8)R +/:=!1 + 3R+ d + 3R + 4,

we have thz;/o
£ 1+ £,

where L~h is a constant we shall refer to asp o’
!

Thus:/° =/3° +OR + 7,

The quantity/;:o js easily measurad. With the apparatus in the

y éR. From the geometry, it is clear that
2+ _

L, a constant, and therefore

L-11+5R=L-(h-z1)+sn
(L -h) +8R + 2,

unperturbed state, 8 = 0, and/> ’/"o + ;. In this posit1on/0- h-22 and

thus /3 z h-2,-2,.
0 1 °2
The kinetic erergy of the system is given by

- . N RS § 2 ' A . A
T=odmy (k4 ype 2g) +dmy (k) + 95 + 2))

and, in terms of z1 and 8,
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T=dlm +mp) 2y + 4 m,y P70
(The kinetic erergy of the pulleys was ignored in defining T.) The
potential energy V = m, 92, + m,gz, = m gz, + Mg (h + R 5iné -/ocose). Using
the lagrangian L = T -V, Newton's equations of motion are found to be:
" s * 'l
f)B + 2219 +RO+gsing=C (1)
" ’l
(m +m) 2z, -m2[>0 +mg - myg cosé = 0 (2)

I11. Numerical Results

These equations were programmed for a digital computer using a
Range-Kutta-Fehlberg-(4) routine and run on a Xerox-Sigma-9 at Oberlin
College. The program was subsequently rewritten for a VAX-780 at AFWAL/FIBG
ard run in double precision. The results from these two sets of computer
runs were identical. Before discussing the results themselves, some
observations on the parameters used in the calculations are in order.

At first, the two masses m and m, were assumed equal and the
common radius of the pulleys was measured to be 1.238 cm. In all cases, for
initial values, we used z, = il =0 0. The initial angular displacement
of mz,Bo. was taken to be successively .01, .1, .2, .5 radians. In all four
cases, z, went siightly negative but then began to increase. Mumerically,
the simulation ran for 120 seconds. In an effort to see if this rise in z,
would continue over 1onger periods, some cases were run for as long as 6000
seconds; the rise continued, The rise was greater for larger initial
amplitudes, 00. Figures 2, 3, 4, 5.

This behavior may be understood by examining equation (2). The net
gravitational effect is determined by m g - mg cos@; the motion of m,

i.e. the height 24, is also inflvenced by the centrifugal term, maféz.
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For larger initial Oo’ tnis term has a greater influence on 24 thén does
mg - ngcose.

A second set of numerical experiments were run to determine the effect
of the size of the radius of the pulleys; in particular, if we let R > 0,
would there be a discernable change in the results? It was found that
using an R = 0 had no discernable effect on the results obtained. Based on
thi evidence, it was decided to ignore the size of the pulleys in analyzing
the systems to be described in Section VI.

While numerical values were obtaiied, we chose to present all results

in graphical form and the eye could detect no change.

IV. Experimental Results

While the qualitative behavior observed in the laboratory was in
agreement with the numerically obtained results, the friction of the pulleys
caused some problems. Whereas the thecry predicted a specific rise in my in
a certain period of time, the time observed in the laboratory for that rise
was about twice as long. We attribute this difference to friction in the
pulleys. Our rationale is based on the following.

In an eftfort to compensate for the friction, the apparatus was modified
¢1ightly. Tie two masses were weighed and found to be 1.065 1bs each. When
suspended for any zl, they remained at rest, i.e. whatever difference there
might be in their weights was not sufficient to overcome the inertial
resistance of the pulleys. However, if either mass, initially at rest, was
giver a slight impulse, the two 'nasses began to move but quickly came to
rest. This indicated that, within the distances over which we were
measuring 24 about 5 feet, the resistance of the pulleys was too great to

be neglected. Accordingly, we modified the equipment to the following

100-7

T EeRE 4w e -

LTATTT R TETATYT R AT AT E L .

y v r
[

OO i S a0 I DRI an SRR

AR Sl ORIV ZAIELE A IAFL Tl

U

“s

SN R A

A

T "r“_ ." <, n"A -




Y 1

3

o el
. 28 s 3

[ EFLAPRPRPREEET / I R

. A

. bl .

A S R A

Rt R RIS

extent. We added a mass of atout 3.9 grams (.00858 o0z.) to m, and then,
with both masses restricted to move in the z- direction, gave a slight
impulse to the system, allowing my to rise 5 feet, my to fall the
corresponding distance. When measured in this way, z seemed to be moving'
in a gravitational field of about .0049 ft/secz.

Using these unbalanced weights, the experiment was rerun and the
results agreed w2ll with the theoretically predicted values. _

While it would be desirable to present the numerical results of the
laboratory experiment, time, and the crudeness of the apparatus and our
measuring procedures, precludes our reporting finer details.

V. Additional Numerical Experiments

Since the theory predicted that for equal masses, m1 and mz. the mass
my would rise indefinitely when m, is swung as a pendulum, we speculated as
to how much additional mass should be added to m SO as to produce an
oscillatory motion, With an increase in mass of .26%, the mass my
oscillated between -15¢cm and .5cm as viewed for the first 300 seconds., With
an fncrease of .25%, the mass my exhibited a total oscillation of about
.8cm, and a total change of about 2cm in 300 seconds. Imn both cases, the
initial Sb = .lrad and the maximum amplitude of the pendulum motion
remained at .lrad. Figures 6, 7.

This numerical experiment was repeated for different initial Bb. It
was found that the functional relationsh’p between the needed additional
weight and the initial 00 to sustain the oscillatory behavior {is quadratic:

m = 1.000 + 7.451 x 107 + 0.250 @ 7.

This formula was odtained using a least squares fit to data points

cerresponding to 60 s ,1, .2, .3, .4, and .5,
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VI. The Two Masses - Mathematical Statement

Figure 8 is intended to illustrate the following. Four pulleys, each
of radius R, are placed so that the centers of p1 and P, are d2 meters apart
and the centers of P3 and Py are d'2 meters apart. The twc lines joining
Pi» P2 and F3s Py are paraliel and d1 meters apart. These four centers lie
in a plane normal to the direction of gravity, g, and at a distance h above
a reference plane z = 0. A fine wired (.010 “n. dia.} is strung over
pulleys Py and P3 and the masses m and m,y are attached at the ends.
Similarly, a fine wire is strung over pulleys Pos Py and the masses m, and
m, are attached at the ends. A rigid weightless rod of length R1 connects
the masses my and m,; a rigid weightless rod of length R3 connects the
masses my and My -

The masses my and m, are pictured in their unperturbed positions,
hanging freely uncer gravity. The distance of ma above the ground plane
is called 233 the distance of My above the ground plane is called z,.

The masses my and m, are shown in two positions; one, by dashed
lines, as they might hang in their unperturbed position and two, by
solid lines as they might be positioned when moved from their
unperturbed positions.

In what follows, we shall assume that the radius of the pulleys, R,
is small compared to the lengths 4{1,,/2, }f3, 464, and will be
neglected. This simplifies the geometry considerably and is justified in
light of the numerical results of the experiment described in Section III.

Whatever the motion of m,R mz, the 1engths_éq +£% and

171
‘ZZ +}a remain constant. \ie therefore write 4& 2 Ll-jg and

b=ty -4y

100-9
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In its unperturbed position, the quadralateral lelédZ lies in a
vertical plane as depicted in the figure., The line @1 makes an angle <f1
with the z direction and the projection of 21 on this direction is
ZI cos:fl. The projection of él on the (x,y) plane is llsincfl. If we
call the angle between the projection and the x axis 91. then the projection
of ‘[1 on tne x axis is [1 sin flcosal, its projection on the y axis is
ll sin ‘?151"91' (In the unperturbed position, 91 = }m)

The coordinates of m1 are:

}dl + [lsimﬁ cose1 (1)

-3, +[1 sing] sing,

<
—
L]

2, =h - [1 cosf’1

The coordinates of m2 are

: Xy = 3dy + [2 sing, cosG2 (2)
m Yp = 14, +[2 sin , sing,

20 .

2, = h -[2 cos,

Since the distance between my ad m, i{s to be fixed, we have the

constraining condition that

(x-%0)2 + (y,-y,)" + (21-2p)% = R}Z. (3)

Similar formula can be written for the coordinate of the masses mg

tr and m,.

{."’ X3 = -id; +ﬂ3 sin7ﬂ3 c0593 "
L yy = -ddl, +4; sing sing,

e z; 2 h -[S cos 4

K and

E,’ Xg = -id) +A sing, cos@, - 5)

Yq = }d.’z +4 sinﬁ s1‘n94

100-10
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2, = h - /4 cos:{4

Again, the two masses ma and m, are rigidly connected and the

distance between them is R3.
2 2 2 _,2

(X3 - X4) + (.Y3 -y 4) (23 - 24) = R3 . (6)

In the system of equations that specify Xps Yy oo Z,, we may
think of 4&,..., d&- 91,...,94, and ZI,I% as independent of one another
except for the two constraining equations (3) and (6). Thus, there are at
most 8 dependent variables plus the one independent variable, time. The

kinetic energy KE of the four masses is

4

KE =z imi (x‘i + 'y'? + Z'i) (7)

i=1
The potentfa] energy PE of the four mass with respect to the
z = 0 plane, is 4
PE = E mi9z,
i=]

The kinetic energy of m. (i = 1, 2, 3, 4) is

2 . Z . s2 2. .2 = 2 5 2 2
(5,2 + 3+ 18 = an( L2 87+ L9 T 4D @
The constraint equation (3) becomes
2 2 2 2
where

B, = sinfﬁ cos8, sin f% cosB, + sinfﬁ siansinf% sing, + cosf cosg,

D, =4, siniﬁ sinei
E1 = d2 sini% sinez.
Similarly, the constraint equation (6) becomes
£ P80l +f -20,4, + 2650, = R, -4,'7 (10)
100-11



and
B3 = sinfg cose3 sin,ﬁ cose4 + sinf% sin93 sinyﬁ sine4 + cosfg cosfﬁ
D, = d'zsinf3 sin,
E3 = d'ZSi"fﬁ sine4
To equations (9) and (10) we adjoin
ll "'23 = Ll (11)
L2444 "L, (12)
This system of four (4) equations define Z,, /. ,1?,‘é2, in terms of the
variables ‘fl"“’ 4%, 91,.., 5&, which we take as our generalized

coordinates.

The potential energy PE is given by

4 4
PE = E m; 9z, = E mg (h 'l‘l cos7P1).
i= =

From these definitions, we form the Lagrangian function L = T-V and derive

the Newton equations of motion.

VII. Recommendations

1} The mathematical equations for the case of the single mass are
clearly enough understood and may be verified tu any degree of accuracy if
the friction of the pulleys can be reduced. If that should prove
unattainable within the limits of the laboratory equipment available, the
equations would then have to be modified to account for friction., This
should be done cnly if necessary.

2) The laboratory experiments to substantiate the theory for the
single mass requires more sophisticated equipment than was used. This is

being done and the results should be forthcoming within a reasonable time.

100-12




3) While this report indicates how the Newton equations of motion can
be obtained for the two masses connected by a rigid rod, the details of that
computation still have to be carried out., This should be done and the
equations programed for a computer and run,

4) Experimental verification of the numerical results expected from
recommendation 3) should be obtained. Again, if friction plays too great a
role, these equations will have to be modified.

8) The most important recommendation is to continue the theoretical
investigation into the case of two point masses connected by a flexible rod.
For this, the constraint equations, (3) and (6), would have to be modified
to account for the flexibility of the rod and the energy, when the rod is
flexed, introduced intoc the system. Concomitant with this would be the
derivation of the Newton equations of motion, the writing of the computer
program and the experimental verification. Recommendation 5) is clearly the

most challerging.
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ACQUISITION OF WIND TUNNEL WALL PRESSURE DISTRIBUTIONS FOR

USE IN DEVELOPING A 3~-D TRANSQNIC WALL CORRECTION CODE

by
Dale F. Moses

ABSTRACT

The case for low subsonic Mach numbers is discussed and results
of wall pressure signatures at M=.3 are given. Runs were made at
transonic Mach rumbers of M=.6, .7, and .75 for odd angles of attack
from & =3° to & =19°. The results are discussed. The interference
from the model support sting and angle of attack adjustment crescent
was evaluated and the model wall pressures were corrected for this
interference,

Transcnic wall pressure signatures were obtained at a model
position 14" forward of the test section window ¢_ .
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I. INTRODUCTION

As part of my doctoral work with Professor william R, Sears I
developed a coamputer program which camputes the wind tunnel wall
interference on model measurements for low speed, solid wall t:unnels.l
Most of the testing done in the Trisonic Gasdynamics Facility wind
tunnel of AFWAL is at campressible Mach numbers which usually go up to
M=.75. In addition, a large part of these tests in the TGF are conducted
with solid walls. I recently applied for and received a RISE contract
to develop a code to calculate three dimensicnal wall corrections for
transonic, solid wall wind tunnels. This code will use the same
mettodology described in ref.l but will include the effect of coanpres-
sibility. This code will be an intemmediate gtavye in any future effort
to produce a code for siotted or perforated wall, 3~D transonic wind
tunnels which will require only a change in the nature of the inner
'“.'* flow boundary conditions. ’

n'..

I.-.

L
/
;

; A natural feature of the solid wall code development is proving
;-_: e it out with actual data from such a wind tunnel. The acquisition of

this data formed the bulk of the work done under this Sumver Faculty
Research Program effort.

II. OBJBECTIVES OF THE RESEARCH EFFCRT

Originally the research cbjectives dealt with refining the low
speed wall corrections code and developing it into a production
version that could be used in routine testing., These objectives were:

1. Determine the minimum rumber of wall static pressures

) needed for an improved wall correction in the low speed

o regime and their optimm distribution. This will be

-3- done by investigating subsets of test data.

2. Develop a production version of the Sears method code for
rcutine use. Investigate methods of accelerating con=
vergence to unconfined flow such as step-varying relaxing

. T )
r T ]
.. STt
L LAV I 1' L]

facter.
e 3. Compare the lift corrections from the Sears method with
.:':Z; those produced by the Hackett method.
J After delays caused by extending the previous test and problems with
A the pressure instrumentation, wall pressure data was obtained at M=.3.
o 101-4
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As discussed in the next section, the quality of these pressure
differentials was too poor to be able to accamplish the first two
objectives. The effort of implementing the Hackett method for
1ift correction, which was not a part of this SFRP work, was not
successful so that the camparison in objective 3 could not be made.
Instead, the following was substituted as the objective for this
1984 SFRP:
4. Obtain wall pressure coefficients on all four

boundaries in the presence of the model for the Mach

nuvber range .6-.75. Account for sting and crescent inter-

ference. Cp is measured on test section floor and ceiling.

In order tc obtain equivalent sidewall Cp's, the model

is rolled 90° and the pressures are measured again

(test section is square). Since the flow near the wall

is linear, the effect of sting and crescent can be

superimposed. Runs will be made successively removing

the sting, the crescent and measuring the resulting Cp's

on the floor and ceiling.

IITI. WIND TUNNEL WALL PRESSURE DISTRIBUTICNS AT IOW MACH NUMBERS

The code described in ref.l applies only to incompressible flow-
fields. Also, in order to enable it to be used efficiently in 2 day-
to-day production mode we need to reduce the number of perturbation
pressures that are required to be measured and reduce the number of
iterations required for convergence. In order to do this wall static
pressure measurements were made at 60 points on both the bottam and top
boundaries of the test section, see Fig 1. The importance of side
wall pressures was to be investigated by rolling the model 90° and
taking bottom and top boundary measurements again. These sidewall

pressures were to be checked against pressures on the centerline of the
test section vertical boundaries, see Fig 2, In order to determine the
Mach number limits in accuracy of the low speed wall correction code runs
were planed at M=.5 and M=.6; however the first run was made at M=.3,
Figures 3 and 4 contain the perturbation pressures measured on the
bottom and top boundaries respectfully., Here the model nose is located
11.75 in. ahead of the test section window center~iine. These distri-

101-5
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butions are very erratic and do not show a clear model effect even near
the model location. The perturbations should diminish to zero at the two
upstream-most rows but instead they remain high and the pcint-to-point
variations are large. Since the wall correction code smooths the
data before generating its boundary conditions it is clear that this
measured data is too much in error to get meaningful results from the
wall correction, Pressure tubing was checked for leaks, blown out and
reconnected in an effort to fix the problem but with little effect,
In the course of the search for the cause of the bad data it was
discovered that the wall pressures were oscillating together as much as
2 lb/ft2 on a frequency of ¥ = 1 cycles per second. Further investi-
gations revealed a 3 in., rearward-facing step in the diffuser. The
wall static pressure just ahead of this step was fluctuating in phase
with the wall pressures, suggesting the step as the cause of the test
section unsteadiness. Since the problems with the pressures could not
be solved in the time allowed this summer the objectives associated
with the low speed wall corrections code were abandoned, as mentioned
above. The program then shifted to obtaining wall pressure distributions
at transonic Mach numbers which could be used in proving cut the
transonic wall correction code being devéloped separately. The first
runs to check data quality were made at M=.80. Perturbation pressures
for an angle of attack of 5.54 degrees on bottam and top boundaries
are plotted in Figures 5 and 6 respectively. In general the point-
to-point pattemn remains similiar to that of the low Mach number runs;
however, the magnitudes of the variations are smaller fraction of
the absolute measurements so that the distribution is much smoother.
If one eliminates certain points that are obviocusly bad, such as tap #16,
then the pressure variation doesn't look too bad. Since the repeat-
ability of the individual perturbation pressures was cood and the
distributions displayed the right trends it was judged that the data
was probably useble

As seen in Figures 5 and 6 there is a large support interference
at the downstream most rows of taps. The flowfield in this region
is still linear so that perturbation pressures produced by the sting and
angle of attack adjustment crescent can be superimposed. To evaluate
this interference runs were made successively with-scing and crescent
only, with crescent only, and finally no cx"escent. Figure 7 shows
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D TPU =299 —_ Mz .60 én-ply b SOy
A TP 22495 - M =.60 Crmremnt

O TPN=278  a=7.07dy M0l . Gunomtaaling

Bl _____-_:::::‘::____ _‘:f‘_:z._gz:f.f:—"f _I_Féj

Fiqure 7: Effect of stiug aud crescext on wal(
pressvres ., M=l , x=7.07°
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that the crescent by itself has virtually no effect on the wall
pressures but the sting has a considerable effect and extends to at
least 5.5 inches ahead of the window center=line. Figqure 8 shows a
longitudinal plot of model 1 _surements corrected for sting interfer-
ence at M=.76,

The 11" wingspan close-coupled canard model, see Figure 9, which
had up to this point only been tested at the window center-line
position was moved upstream 14 inches on a sting extension. The
window center-line angles of « =3°, 5°, 79, 9°, 11°, 13°, 15°, & 17°
were repeated in the forward position. Also, in order to get equivalent
side-wall pressures, the model was rolled 90° at each of and wall
pressures were taken again. In the rolled configuration the model CL
was matched with the un-rolled configuration because sting deflection
due to weight caused significant differences we were not able to make
a direct camparison with the window center-line rnuns. Sting interfer=-
ence was again evaluated and subtracted from the model data.

IV. RECOMMENDATIONS:
Because the Sears method deals directly with boundary conditions

of the governing equations it is inherently exact and it has been
shown that the process converge to the unique case of unconfined

flow. The largest source of error is the accuracy of the perturbation
pressure measurementg. Since the method will produce a more accurate
wall correction for large models it is recommended that the low

Mach number instrumentation be studied and fixed so that the wall
distributions are smooth, vanish upstream and show the correct form
elsewhere,

In order for the wall correction code to be efficient in day=-to-
day use the number of data points should be reduced and ways or
accelerating the convergence should be tried.

It is also recommended that when the transcnic wall correction
code is finished that it be run at M=.2 or M=.3 and the results
campared with those fram the low speed code.
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LEADERSHIP EFECTS AS MEASURED BY THE ORGANIZATIONAL

ASSESSMENT PACKAGE: A MULTILEVEL PERSPECTIVE

Kevin W. Mossholder

ABSTRACT

The purpose of the present research was to conduct an exploratory
analysis of leadership effects on selected factors measured by the
Organizational Assessment Package (CAP). A mulctilevel perspective
examining individual and group leadership effects on attitudinal
factors served as the basis for the model used. In accordance with
the contextual approach to mu.tilevel analysis, hierarchical regres-
sion analysis was performed using as subjects workgroup members
from selected functional areas. Results suggestec that additional
understanding of leadership effects may possibly b» gained by utiliz-
ing a multilevel framework. Recommendations were made regarding
the conceptualization of leadership as measured by the OAP and sugges-
tions were offered concerning the consulting process as well as

future research.
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I. INTRODUCTION

The Leadership and Management Development Center (LMDC) is
a multifaceted organization whose broad goal is to enhance leadership
and management processes of the Air Force personnel worldwide.
The impetus for establishing the LMDC can be traced back to 1973
and the proposal for a volunteer force. TFaced with the recognition
tuat it would have to compete for available human resources, the
Air Force established a task force (Air Force Management Improvement
Group--AFMIG) to consider enhancing the nontechnical aspects of
Air Force life. A first step in fulfilling this goal was the design
and administration of a survey assessing active duty personnel’s
perceptions of nonjob factors (e.g. leisure time and health) and
job-related factors (e.gx. the work itself and leadership/supervision).
The sample, consisting of more than 38,000 military members, spouces
and civilian employees, represented 11% of the Air Force's personnel
strength. A key finding of the survey was that while 81% of those
surveyed felt leadership and management were important, 71% also
felt the quality of Air Force leadership and management was ''average"
to ”poor."32

In response to these findings, the LMDC was established as
part of Air University of Maxwell Air Force Base. The LMDC was
charged with leadership and management education for the Air Force.
It also offered leadership and management consultation to Air Force
commanders éroviding them with data on leadership and organizational

trends. The consulting process used by the LMDC may be described
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brieflv in the following fashion:

.

1. Invitation and initial contact. A wrlitten request from ;;

an Air Force Commander must be made before the consultation process ;%
-

can ensue., Given this condition, an LMDC consultant explores interven- 1
-'d

tion possibilities with the client group., A contract for services ﬁ:
is agreed upon by the LMDC and client which outlines consulting ;i
F-

processes and goals.

Al d
P B

r
o

2. Data collection ard analysis. Data relevant to the client

B

e

organization's leadership and management processes and work environs

I~

AR
=% e T

are obtained through a variety of sources (e.g., mission statements,

interviews with supervisors, open-ended quest.onnaires). A principal

.

»
e ls s

source of information derives from the Organizational Assessment

P N
f

Package (OAP), administered to client personnel. The OAP was devel-

vr‘

v
¢ At

oped jointly by LMDC and the Air Force Human Pesources Laboratory

3,

at Brooks Air Force Base.21 The OAP is a 109-item self-report ques-~

tionnaire which taps areas like job satisfaction, supervision and

a5

R}

management, and organizational climate, among others. (Additional

v,

v 4t

information concerning studies of the OAP's reliability and validity

may be found in Short, Hightower, & Snow.39) OAP data is analyzed

L

"yt Tyt

R A A )

Pa

in such a way as to permit the consultant to determine weaknesses

and strengths of the client orgarization as perceived by the respon-

dents. Norm-based feedback materials are developed for work groups

1L

having four or more members completing the survey.
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3. The tailored visit. The client organization's commander

-
et

e

is briefed on the general condition of the organization. Feedback

is carried down to the work group supervisor level to give supervi-

¥

.

P e
2o R P

1

sors information about their work groups. Where OAP analysis has .

i

identified probler=, suitable invention techniques are employed

to induce dcsired changes. -
N L

4, Folfow—ug. After sixteen weeks, post-engagement surveys
are mailed to the client organization to gather information about
the intervention from the commander and supervisors. At approximately
six months, LMDC consultants collect post-intervention OAP data
which is compared to the pre-intervention visit in order to determine

if changes have occurred. Comparative information is given to the

client organization in the form of a final report, marking the termina-

tion of the formal consultation process. Comuanders may, of course, C
g
request additional consulting visits at future dates. .
L
, , . : . e
A primary purpose of the consulting process is to provide informa- ¢
tion to the client organization so it may rectify deficiencies in F%A
I,
n
its organizational and management processes. For such information z;ﬂ
v
e
4
to be maximally useful, two conditions should hold. First, the ot
means by which data are collected should exhibit the traditional {E{
measurement requisites of reliability and validity. The key instrument s
R
X . ot
used in the consulting process, the OAP, has been examined for these "y
C 39 L
characteristics and appears to demonstrate adequate levels of both. T
~-‘.
Sy
Second, an acceptable thecretical framework should exist to guide £,
¥
PR
N}
ety
b
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::! the organizational interventions to bring about intended changes. -
T With respect to the use or OAP information, it seems that less work »
has been directed toward this condition. }
s
M
Additional theoretical delineation of the OAP's use in consulting =
=
\ could lead to better integration among measures and greater continuity ﬁ
: . : . 19 =
hetween the consultative and evaluative efforts within LMDC. o
Such constructive theory building could be pursued along the lines -
K of both process and content perspectives. With respect to the LMDC's s
}: consultative mission, a process perspective would refer to the theoret- :f
Qf: ical model guiding interventions into client organizations. The 2:
4 le ¢
e s . . , .33 ey
- model utilized by LMDC in this regard stems from Mann's survey ]
. feedback approach. Little theoretical work is required of this iﬁ
. -" N »
.‘_’- i -;
N model since its utility has been documented in the organization -;
. " “
- 3 :
development literature.
- = ..
v,
- From a content perspective, which is one referring to relation- »
.."' )'
- ships among variables of interest, there is room for additional }3
o ' by
E’ theoretical development. The LMDC has employed two general frameworks Lﬂ
}{: in considering relationships among OAP components. A contingency ?ﬁ
S - s " i
RS approach served as the foundation for development of the OAP20 whiir. >
. D]
t a systems model (input, throughput, output) is presently followed. r‘
L3 &
o These frameworks are recognized as serving largely descriptive func- "~
- o)
P : _'v'.
e tions. That is, though providing a means of understanding broad R
)
a ]
. organizational phenomena, they possess less power in explaining . fk
L b
o relationships among components within more narrow substantive areas

L

T like those appearing in the OAP.X’5 For this reason, a look at
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particular OAP variables and factors using more specific theoretical

models could have utility.

~ - Some background on theory building (modeling) in applied areas

) is now provided to better convey the thrust of the current research

e project. The data collection, intervention, and consultiug activities
:ii of the LMDC underscore the applied nature of its mission. With

:ii respect to building models germane to organizational application,

ﬂ it is important that those who will use outcomes of the theory play
‘“; a role in defining the content of the model. It is difficult to

say meaningful things about the real world without starting in the

& real world. Sound observation and description of target behavior

- is one step down the road to useful theoretical models. The key

instrurent used in the consulting process is illustrative of these

notion:. OAP content has been built through an interaction of (a)

7

consultants having experience in confronting work/nonwork facets

P’

L A A

BN

.

of Air Force life and (b) analysts/specialists having a more conceptual
comprehension of the same facets. And yet, few attempts appear

to have been made concerning how such facets interact. In that

»
-

N

s

ad

st

n . .

RS a major point of congruence between consultants and analysts is

.‘l.‘,l

L

5 their goal to improve undesirable situations in the field, building
s

e more focused models of the processes encountered is a natural out-
A growth of LMDC's prime functicn.

t}} Although the problem-solving orientation of applied research
o . . ’

T may shift somewhat the emphasis among facets of theory building,

'nl the overall process is the same whether intended for immediate applica-
S 102-7
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tion or further scientific rumination. This process, described
by Dubin,10 is seen as involving the following conditions.

(1) Things, variables, or units whose interactions constitute
the subject matter of attention.

(2) Laws of interaction among units etc. of the model specify-
ing how these units interact.

(3) Boundaries which are set forth to describe the limits
within which the theory ouperates.

(4) System states reflecting conditions under which units
etc. interact differentiy and mirror the complexity of
the system in which the model operates.

Addressing these bisic conditions, those expecting to use the

model may develop propositions for empirical testing., After suffi-
cient cycles of testing (and usually revision), the resultant model

is ready for application. Certainly, the development of and subse-

22,40 10

quent validation work with the OAP measure has followed Dubin's

description. It seems consistent to continue research to suggest

improvenients in using OAP information.

IT. OBJECTIVES

The objective of this report is to begin addressing some substan-
tive concerns involving componants measured by the OAP instrumert.
In essence, this research represents an effort at theory building
in an applied area since the variables examined are employed by

LMDC in its consulting mission. Because the QAP contains factors

102-8
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that have been configured in the organizational literature into

various theoretical models, it was necessary to limit the substantive

scope of this report to factors of greater interest to the Air Force

overall. Since a key stimulus for establishing the LMDC was a concern

about Air Force leadership and management capabilities, this area

was chosen for study. The research model decvelcped includes QAP

factors that are relevant to understanding management and supervisory
influences impacting on subordinates.

The model will examine management and supervisory influences
as potentially affecting subordinates as iﬁdividuals and as members

of intact work groups. Any mocdeling approach considering effects

across conceptually different units of analysis (i.e. the individual
and the work group) can be viewed as falling within a so-called
multilevel perspective of organizational behavior. This perspective

is especially relevant to leadership and related phenomena like

management and supervisory behavior. Given the applied theoretical

bent of the project, it is anticipated that a clearer understanding

of management and supervisory influences will have impert for interven-

tion and data collection activities relating to such influences.

I1I. LEADERSHIP CONSIDERATIONS AND A MULTILEVEL APPROACH

Leadership concepts and the OAP

The focused nature of this report militates against in-depth
consideration of the leadership concept. Suffice it to say that

leadership has been defined in many ways.2 A common thread among

102~9
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A definitions is that of interpersonal influence, occurring when a
person is moved because of something another person does (as opposed
to responding because of some impersonal organizational policy).

o 25
Leadership is both a process and a property. The use of noncoercive

influence to direct activities of subordinates toward accomplishment

represents the process component cf leadership. As a property,

v
Lo

it may be considered as the set of characteristics attributed to

,. ..
AR
NN

persons who are perceived to successfully use such influence. For

organizational contexts, it is useful to consider another point

about leadership. In the ferm of interpersonal influence, leadership
can occur in both formal and informal guises. Formal leadership
exists when an individual operates from an authority position.
Informal leadership occurs when a person exerts influence on others
without having been designated as an authority figure.

Item loadings on the OAP '"leadership' factor -- Management
and Supervision -- suggest it is measuring largely formal leadership
activities. Without belaboring the issue, this focus indicates
the OAP is probably addressing management and supervisory processes
more than 1eadership.23 In behavioral terms, supervision is inter-
preted as involving the use of position-based power (reward, coercive,

and legitimate -- see reference 14) while leadership involves more

Ce personal-oriented power bases (expert and referent). Of course,
. it is difficult to distinguish leadership and supervision when these

. processes occur in applied settings.za

-
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The above comments serve to introduce the phenomenon examined ;
in this report. Although the content of the OAP Management and -
Supe-vision (M&S hereafter) factor seems to favor formal leadership .
processes, the model introduced below applies to either formal or ;
£
informal leadership. In reviewing relevant literature, the terms k{
A‘:‘
"leadership' and "supervision'" are used interchangeably to maintain )
consistency with studies examined. N
;‘"4
Individual and group level perspectives on leadership -~
"
In hierarchically structured organizations like those commonly e
pd
found in the military, leadership influence processes unfold within b
group contexts. Units tend to have well-defined functions and clear o
r‘fj
delineations of authority. Subordinates have designated reporting ey
;G:i
relationships with supervisors responsible for controlling their
a2
direction and effort. 1In such a leadership environment, one can s
f:
envision two ways in which subordinates are affected by supervisory Q:
U.H
influence. The supervisor may influence subordinates as a group o
=
and/or as individuals. In the case of the former effect, subordinates '::
N
could be expected to react in basically the same way to the supervi- i
)
sor's leadership efforts while with the latter effect they would :
be expected to show more variation in their responses. The perspec- ﬁb
¥
tive holding that subordinates tend to respond similarly to the o
\‘“.
leader has been labeled the Average Leadership Style (ALS) approach £
.
while the perspective allowing for meaningful variation in subordinate :q
=3
responses has been labeled the Vertical Dyad Linkage (VDL) approach. 'fj
T
. "e
-
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Since both perspectives will be considered in the model proposed

by this report, each is briefly reviewed.

Average Leadership Style Perspective

Most traditional approaches to leadership focus on the formally
des "gnated leader, seeking to determine the behavioral patterns
that result in the maximal effectiveness for the leader's unit.2
This search has led most approaches to propose dimensions thought
to best describe leadership behaviors crucial to influencing the
unit. For example, the Ohio State studies of leadership dimensions
-- initiating structure and consideration -- resulted from research
of this vein.30 Given basic dimensions, the task then becomes dis-
covering the mix of the dimensions that influences the unit to con-
The leader

tribute to organizational effectiveness. is assumed

to be responsible for the summative output of the unit. At the
extreme, the leader is viewed as influencing persons comprising
the unit much as one would operate a machine, and set procedures
are established for maintaining maximal influence.

Finding the best mix of leadership dimensions or best average
leadership style involves two assumptions. First, it is assumed
that the leader's behavior toward subordinates is consistent over
time and homogeneous across group members such that his/her behavior
needs only to be averaged to represent total leader behavior. The
variance in behavior around the averaged style is assumed to be

random as the leader's behavior is not viewed as depending on particu-
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lar relationships he/she may have with various subordinates. A
second assumption of the approach is that subordinates' perceptions
of leader behavior are homogeneous. That is, subordinates react

to the leader's influence attempts in essentially similar manners.
Figure 1 depicts these assumptions and the ALS approach.

A.cypical way of assessing leadership style within the ALS
approach is to use the subordinate group as the unit of analysis.
With each group, the behavior of the leader is described by subordi-
nates, who should be in a position to observe the leader across
time and situations. Operationally, the ALS approach stipulates
that an aggregate score, usually an arithemetic mean, be calculated
to represent the true style of the leader. 1In allowing a mean to
represent the leader's style, the homogeneity assumptivas concerning
leader behavior and subordinate reaction are accepted as fact.
Averaging over descriptions of group members thus reduces measure-
ment error: positive biases of one member tend to cancel the nega-
tive biases of another member.

For this operationalization to be valid, leader behavior cannot
be contingent upon personality (needs or abilities) or the situation
of particular group members. Although not extensive, research sup-
ports some implications of the ALS position, showing there is a
moderate amount of agreement in the way subordinates describe their
leaders. Interrater correlations group around .6.12’13
Schriesheim"7 found a high similarity between individual-oriented
and group-oriented leadership descriptions by subordinates. Thus,

there may be general behavioral patterns that subordinates recognize

- 102-13
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Given moderate subordinate agreement in describing leader behav-

ior, some researchers have been disposed to postulate group level
relationships between leader behavior and other organizational vari- e
4 . .
atles. For example, Bell hypothesized that the degree of perceived
looseness of supervision would be negatively correlated with the
degree of task structure. Differcnces were anticipated in '"loose-
ness' among supervisors, in structure among work groups, and these
differences were held tc be t:orrelated. Aggregate scores in perceived

supervisory looseness were used to represent collective group re-

sponses. o
It is worth noting that the manner in which the OAP's M&S factor ﬁfj

-':‘5

is treated in the consultation process would suggest that the ALS e

)v

fout

approach has been adopted as the approach of choice. Mean score

’
#

%
information is fed back to supervisors to apprise them of how their ;;&
Tl
L . %ﬁl
groups stand in regard to similar groups and Air Force groups as xS
AN
e . . #u

a whole. The implication is that differences between supervisors -
Log wand
B
(between group differences) are of greatest importance and that {Cj
D
interventions offered by the consultants will operate from this ;}q
ol
perspective., Of course, rarely would persons working in applied b

settings consciously deny the existence of subordinate perceptual

L)

or response differences within target groups. However, considering .
theoretical implications of the ALS approach serves to stimulate rﬂf
I .

consideration of an equally likely leadership perspective that is :&2
quite different. t:ﬁ
(“":“
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o
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Vertical Dyad Linkage perspective

One alternative to the ALS approach is the Vertical Dyad Linkage

15 The VDL approach makes the follosing assumptions

(vDL) approach.g’
about the leadership context. First, leader behavior is dependent
upon relationships with particular group members. This suggests
that leader behavior will be more homogeneous toward individual
members than members on the average. That is, variation in leader
behavior will be less around the average for each particular member
than around the averaged style as computed in the ALS approach.

Within the ALS perspective, when leader behavior is described by

subordinates, deviations of their observations from the averaged

style are considered as error. The VDL perspective holds that individ-

ual member's observations may vary meaningfully and this variance
should be examined. A second assump.ion of the VDL perspective

is that a group may be heterogenecus with respect to members' percep-
tions and reactions to leader behavior. In sum, the unit of analysis
in studying leadership should be the dyadic relationship between

the leader and suborJdinate. This position is in opposition to the
ALS perspective and is depicted in Figure 2.

Holding that leader behavior is conditioned by relationships
between the leader and individual members, the VDL perspective accepts
the possibility that certain members may have higher (or lower)
interdependence with the leader than other members. In other words,

key members (or unimportant members) may exist within the group,

102-15
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something not possible from a strict ALS framework. The emergence

of differing relationships between a supervisor and group members

can be explained using social exchange notions to describe influence
processes used by the supervisor.9 Briefly, vertical exchanges

between the superior and subordinate may involve formal and informal
influence processes (as noted in an earlier sectioan of this report).

In using formal influence, the superior relies mostly on the employment
contract, which usually specifies that the subordinate will submit

to legitimate authority regarding certain supervisory requests.

Minimal social exchange is needed.

In contrast, when a superior uses informal influence processes,
the power of the employment contract is diminished and he/she must
rely on more intevpersonally-oriented influence bases. The superior
may show greater (or lesser) confidence in and consideration for
tlie subordinate, and offer more (or less) influence in decision
making and job latitude. The subordinate can reciprocate accordingly.
Overall, variation in superior-subordinate interdependence and rela-
tionship quality is expected to occur and maximal social exchange
is required.

There is a fairly substantial body of researcn indicating that
the VDL perspective is tenabie. For example, both Evans11 and

Graham18

found the agreement between superior and averaged subordinate
descriptions of leader behavior to be close to zero, indicating
a wide variance in perceptions of the supposed same behavior. The

idea that superiors form relationships with subordinates varying

in level of interdependency or quality (e.g., subordinates classified
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as having in- or out-group status) has been documented and shown

to determine various leadership outcomes such as subordinate satisfac-

tion, job problems, etc.g’”’n’m’l‘2 It appears that the VDL approach

does present an alternative view of leadership processes than that -
. b
aaranced by the ALS perspective. ’u]#J#
LSy
o
LA
N
ety

Combining individual and group perspectives: The multilevel approach

The existence of two seemingly opposed perspectives presents
problems for those both studying and exercising 1eadership.8 Most
individuals, whether first-line supervisors, CEO's, or military
personnel, realize the ALS approach nay be inadequate: leaders

cannot treat all subordinates similarly. Likewise, practitioners

find the VDL approach of multiple unique individual relationships
is not a totally acceptable description of real life: subordinate
feelings of inequity as well as drains on the leader's time would
occur. There must be some core of consistency if leaders are to

be successful. It is because of such theoretical predicaments that

hybrid or multilevel models of leadership have been developed.

The multiievel perspective supports the notion that leadership
influences function at both the individual and group/aggregate level.
Proponents suggest that level of analysis issues created by ALS
vs. VDL models should not be addressed in either-or terms.7 Generally,
multilevel analysis refers Lo analytical procedures that oartition
effects at one or more levels of analysis among variables belonging
to separate levels of analysis, such as to individuals and to groups

they comprise.35 In the case of the ALS and VDL leadership models,
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multilevel analysis may be of value in determining if both models
simultanecusly explain leadership effects. Recen:t multilevel research
examining leadership influences has tended to support the notion
that leadership influences can be detected using both individuals
and groups as the unit of analysis.zs'l‘1
With reference to the M&S factor on the 0AP, it was noted that
items measuring formal, group-oriented leadership processes predomi-
nate., Formal leadership influences are identified with conditions
that tend to result in similar responses on the part of subordinates.9
As such, one might expect that the group as a unit of analysis perspec-
tive (ALS) would be appropriate in treating OAP data. However,
in a multilevel study involving Army National Guard members, within-
group effects (VDL) were found even though the items used to gauge
leadership processes asked respondents to describe the leader's
behavior toward the group.28 Thus, multilevel tests with the M&S
factor may be useful. Additionally, Green19 noted that LMDC consult-
ants are inctructed to evaluate within-group score distributions
on the OAP even though they probably pay more attention to the compara-
tive distribution of group means. It would seem LMDC consultants
are faced with evaluative tasks that implicitly involve multilevel
ways of thinking about leadership.
The model to be examined allows for the possibility of both
individual (within-group) and group (between-group) level effects
of leadership. This multilevel model is depicted in Figure 3.
In keeping with most leadership research, the direction of the arrows

indicates the model portrays leadership processes as resulting in
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various work-related outcomes (see reference 30). These outcome
variables are ones available from the 0AP, are likely reactions

to leadership inflvences, and commonly appear in ALS and VDL .

studies.jl’37 It should be noted that as an exploratory study,

this report will not attempt to establish the proposed model as

>
the optimal one: this is a matter for confirmatory analysis. At ; o~
the same time though, variants of this model are found throughout ];x
recent leadership literature and thus it does have sufficient theoreti- %:;z%

.

cal underpinnings to warrant examination.

i AR W

Iv. METHODOLOGY

¥

ot BT AE ’,. ' 2
> ‘ll !‘. v!

Sample

The sample ccrnsisted of individuals selected using work group

codes employed by LMDC to classify units into functional areas.

‘The four-digit work group codes of groups selected and the number

of groups within each code are listed in Table 1. LMDC personnel
familiar with the data base inspected work group code, base, and

batch information to insure that those identified were frocm the

same groups (i.e. individuals reporting to the same supervisor).

1t should be noted that because data are collected only from personnel
who are available and volunteer to respond to the OAP, responses

of entire work groups are not captured intact. Assuming there are

no systematic explanations for ''no shows'" in the data collection
proc=ss, partial group responses should not cause problems for the

study. Work groups for the study consisted of at least four but

v ey
o

no more than ten respondents. Unit size was constrained to be rather

’ "a

.1.
’
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homogeneous to guard against unit size effects that could influence
worker affective reactions independenrly of leader behavio:‘.zs’[‘1
Measures

Measures used had been developed through a series of OAP factor
analyses. A description of the OAP and information concerning psycho-
metric characteristics of derived factors may be found in Short
et al.39 The factors appeared to be adequate in a measurement sense
for use in an exploratory effort. Specific factors were: Management
and Supervision -- M&S (V818), perceived degree to which the leader
provides guidance, support, and establishes ctandards/good work
procedures; Work Group Effectiveness (V821), one's perception of
the quantity, quality, and efficiency of the work group; Job Perfor-

mance Goals (V810), one's perception of how clear, difficult, and

realistic performance goals are; and Supervisory Communications

‘Climate (V819), perceived degree of supervisory rapport, encouragement,

and feedback. Job Satisfaction (V723) a one-item global indicator,
measured satisfaction with the job as a whole. The use of such

a satisfaction measure has been supported elsewhere.36 The wording

of items rapping reactions to leader behavior revealed they were
perceptually-based. Thus, the factors they comprised were considered
as individual level operationalizations. A group level operationaliza-
ticn of M&S was formed by calculating aggregated scores (means).

Though aggregation using means is not the only way of representing
group level phenomend, it is the most common technique found in

35

the organizational literature.
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Analysis

A hierarchical regression approach to multilevel analysis,

S EEE _f & s 5§ & IES e

contextual analysis, was employed.6 Basically, this study followed

variance partitioning procedures employed by Katerberg and Hom,28

41,42

¢ mmma s

and Vecchio, among others, to test for within- and between-group

. leadership effects. Mean M&S scores were assigned by group to each

group's respondents and outcome variables were regressed on these

M&S scores. The resultant squared multiple correlation (Rz) generated

s
S

Te W YT,

]

F)
L

for each oculcome variable represented the proportion of variance

L
o
. 4 1' e
v M

in respondents' outcomes that could be explained by supervisor differ-

ences across work groups. In other words, this R2 indicates how

well the ALS model fit the data. Respondents' raw M&S scores were
included next in the regression equations in addition to the M&S
group mean scores. Resultant increases in R” have been argued to
represent incremental explanatory effects of within-supervisor differ-
ences (VDL model) on the outcome variables. It should be noted

that other approaches to examining within- and between-group effects
‘ have been offered as alternatives to contextual analysis.34 Though

. currently most popular, it is not clear that contextual analysis

is the best way (or that there is any best way) to examine multilevel
phenomena. However, this issue is beyond the scope of the present

study.

.
3 T e

B ULN
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V. RESULTS AND DISCUSSION

Descriptive statistics for the study variables are shown in
Table 2. All variables were positively intercorrelated with most
in the low ro moderate range. Though the individual/aggregate M&S
score correlation was higher, common variance between these factors
was only moderate., Supervisory Communications Climate correlated
highly with individual level M&S, indicating these factors may be
measuring aspects of the same thing. (These factors have been com-
bined in latest revision of the O0AP).

Since some amount of homogeneity in subordinate perceptions
of leader behavior is required before aggregate M&S responses can
represent a group level response, a check on within-group homogeneity
was performed. Following techniques developed by James,26 eta coeffi-
cients were computed and indicated that 29% of the total variation
in M&S scores was associated with between-group differences. Though
no formal guidelines exist for minimal agreement levels,27 it was
felt this level was sufficient for exploratory purposes.

Table 3 lists the results of contextual analyses for all groups
involved in the study. The first two columns of Table 3 contain
£he st generated by regressing the criteria on group mean M&S scores
only and on group mean and individual M&S scores together. The
increment in R2 obtained by considering the individual level M&S
variable in addition to the group level M&S variable is shown in
column 3. Group level M&S accounted for generally small but signifi-

cant amounts of variance in all criterion variables. Importantly,
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individual level M&S accounted for significant amounts of criterion

.‘r,
(]

b

variance beyond that explained by group level M&S alone. In other

words, within-group variation in M&S responses explained criterion
variance even after the effects of between-group variation had been

controlled. These results suggest that both the ALS and VDL perspec-

‘.

.,).' e
e

¥ 2
A
LLESO

AR

tives are supported by the data.

-

3

With respect to particular criterion variables, the supervisor's

.
x *o
P

3

1

feedback and encouragement behavior (Supervisory Communications

s
i

Climate-~SCC) provided the strongest evidence of VDL effects. Un-

¥ v &

doubtedly, some of this effect was due to common method variance. "

]
-~
‘u

Items of the M&S and SCC factors contain some content overlap since
both refer specifically to supervision. Conceptually, however,
it is not surprising that VDL effects would appear more strongly
with SCC as this factor captures VCL social exchange notions better
than any of the other criterion variables. That is, rapport and
reward conditions measured by SCC would likely reflect the varying
quality of the social (rather than formal) exchanges that occur
between superiors and subordinates. Analyses with Job Performance
Goals and Work Group Effectiveness variables revealed about the
same level of support for VDL effects. Support for VDL effects
was weakest (though still significant) in connection with the Job
Satisfaction measure.

Some additional analyses were conducted to explore the influence
that the social context of the work group might exert in connection
with individual and group M&S effects. An informal criterion used

in sampling work groups for study involved the degree that coordina-

102-23




tive effort or '"teamwork'" was part of the work group function.

(Note that this criterion did not measure actual teamwork but was
based only on a work group code expert's knowledge of members' task
duties). Twenty-nine groups (N=171) whose jobs required more teamwork
were identified along with 69 groups (N=388) whose jobs required

less teamwork. Higher teamwork groups included firemen, weapons
loading/handling, and tactical combat support personnel: lower
teamwork classifications included base personnel office, securi-

ty police, fuel distribution, and shipping personnel.

Contextual analyses were run for both high and low teamwork
samples. Multilevel effects similar to those occurring in analyses
with the total sample were found. One interesting exception resulted,
however. For high teamwork groups, no significant VDL effects were
found with Job Performance Goals as the criterion variable. Specula-
tively, this may be due to the nature of team-oriented tasks as
much as ALS effects per se. Though supervisors of such groups are
responsible for establishing goal clarity, etc., the interdependency
of team members would necessitate that members know their task goals
as members of a team. Individual perceptions would tend to be more
homogeneous in team-oriented groups since members would reinforce
each other's goal awarenecs to increase the probability of task
success. Moreover, this perceptual homogeneity might correspond
with group perceptions of the supervisor's management/supervision
skills since a supervisor is inore likely to be viewed as part of
the group under team vs. nonteamwork conditions. In a sense, teamwork

dynamics may have effectively served as a ''substitute for the formal
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(ALS) goal structuring leadership funct ion. 2

Overall, the present study concurs with previous researchze’a1
in finding that leadership influence as measured by the M&S factor
operates at both individual and group levels. In terms of the ALS
perspective, moderate agreement was found among subordinate perceptions
of leader behavior. Moreover, a group level indicator of leader
behavior (i.e., aggregate M&S scores) correlated with individual
responses on factors potentially affected by leader behavior. From
the VDL perspective, it was found that an individual level inuicator
of leader behavior (i.e., individual M&S scores) acccunted for signifi-
cant additional variance in criterion variables. In sum, leader
influence was found to operate in multilevel fashion.

Some caveats to this study should be noted before general implica-
tions and specific recommendations are offered. First, this study
was exploratory in the sense that a conceptually and empirically
supported model was applied for the first time within an Air Force
context. The sampling procedure, though guided by work group size
and function considerations, was one of convenience. Complete intact
work groups were probably not sampled. Future research along the
lines cf this study should consider more representative sampling
pr.cedures. Second, the measures employed were from the OAP rather
than its replacement, the OAS. Though caution in generalizing results
across measures is advised, results found with OAP factors should
extend to the OAS as multilevel effects have been documented using
a variety of leadership-related instrumenr_s.41 A third and final

caveat concerns the use of contextual analysis in multilevel research.
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Though variable intercorrelations suggest minimal common method
variance problems, multicollinearity can undermine regression-based
techniques like contextual analysis. As noted, previously, there
are alternative means of examining multilevel phenomena although
contextual analysis is currently the most used technique. Future
tests concerning multilevel leadership effects might profitably

employ other techniques to insure robustness of the current findings.

VI. RECOMMENDATIONS

Recommendations deriving from this research effort follow.
Ones relating more to model building are cuvercd first followed
by recommendations pertaining to leadership and work group topics.

1. With the intent of producing a useful product, a theoretical
multilevel leadership model was tested and supported. Further efforts
to discover meaningful relationships among other factors contained
in LMDC survey instruments will yield a better understanding of
how these content areas interrelate. Such understanding could in

turn provide consultants with information concerning intervention

techniques to correct problems in specific areas (e.g., see recommenda-

tion 4 below). Knowing if (and which) factors have primacy in a
network of causal relationships would permit consultants to intervene
earlier in the causal chain, rectifying more primary than secondary

problems. The construction and testing of applied theoretical models

should be continued with revised versions of the OAP (i.e., the

0AS). Relevant connections between the OAS and the other survey

instruments (e.g., Family and Spouse Survey) should also be pursued.
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2. Just as multilevel supr2rvisory effects were discovered,
so too may multilevel effects be uncovered in other content areas
(combat readiness, organizational c¢limate, and stress) assessed
by the OAP (and OAS). While it is not suggested that only multilevel
models are worthy of investigation, given the hierarchical structuring
of most Air Force organizations, it would seem prudent where appro-
priate to consider unit of analysis, measurement, and effect issues

in testing future models. When relevant, muitilevel issues should

be considered in building applied theoretical models.

3. The exploratory tenor of this study necessitated some design

limitations. Future multilevel research with OAP (and QOAS) factors

should consider the following design options: (a) For any N individ-

uals, design strategy should maximize the number of aggregate units

sampled; (b) wHen possible use independently measured global variables

in addition to aggregate ones; and (c) Use varying analytical ap-

proaches, e.g., contextual analysis, analysis of covariance, and

within-and-between analysis.8 Option (a) guards against insufficient

variability in aggregate characteristics, option (b) provides for
a check against the natural collinearity between individual responses
and aggregates formed from the same responses, and option (c) guards
against findings being 'method-bound.”

4. The current focus of consultants is on differences between
work groups rather than differences in within-group perceptions
of the same supervisor.l9 Given the results of the current study,

equal attention should be paid the latter. Within-group as well

as between-group differences in perceptions of supervisory behavior
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should be addressed by consultants. Intervention training techniques

that address supervisor-member exchanges may be usefully applied
where there is wide within-group variation in members' perceptions
of the supervisor. This holds for groups registering lower and
higher mean M&S scores. A particular mode of training, called LMX
training,16 has been shown to be beneficial in this regard.

5. With-in group standard deviations (SD) of the M&S factor
are computed as a tool to help consultants spot work groups where
leader-member exchanges need attention. If a reference sample were
identifiable for different types of functional work groups, distribu-
tions of work group SD's could he used as yardsticks to gauge when
work groups are exhibiting high within-group SD's. Appropriate

distributions of within-group SD's should be generated. This also

applies for other factors. For example, a comparatively high within-
group SD (regardless of mean level) on the Job Performance Goals
factors might indicate goal ambiguity problems.

6. The results regarding teamwork/nonteamwork influences on
perceived supervisory behaviors were tentative. But, it would be
worthwhile to further investigate this topic because of team structur-
ing of many Air Force jobs. Consultant interventions involving
supervisory behavior may need to be conditioned on the amount of
teamwork required by the nature of processes operating in the function~

al area.29 Teamwork influences on the perception of leader behavior

should be further investigated.

7. In drawing a sample for the study, it was difficult to

identify unique work groups because of code limitations. This problem
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will hopefully be corrected by coding inprovements in the OAS.
Nevertheless, because many of the factors measured by the OAP (and
0AS) have meaning at the work group level, care should be taken

in inputing and sampling data so unique groups can be identified

at that level of analysis. Information used to classify and identify

work groups should include work group code, base, batch, and Julian

date (of cite visit). Likewise, if other levels of analysis and

variables are to be studied, say, the squadron level and organizational
climate, LMDC should collect information allowing unique identification

of the appropriate focal units.
8. It was noted that in this study, complete work group re-

sponses were not collected. Given that participation in surveys

is voluntary, it is not practical to expect responces from the whole

work group. For this reason, response rate percentages should be

calculated down to the work group level., This information will

help consultants determine representativeness of responses at the
level of the work group rather than some higner level.’

9. Current OAP datafiles aggregate by work group code. This
provides useful information to consultants as they know base, batch,
and data collection dates. When such information is stored in a
permanent aggregate datafilé, however, the workgroup code delineation
represents information aggreg ted across bases and batches. One
interested in unique work group data must create new files (as was
done in the current study) using work group code, base, and batch
information. Though spss® facilitates this, it would be easier

for researchers to be able to call such information up directly
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from the permanent aggregate file. The aggregate file should be

built at the lowest possible level {i,e., unique work groups).

Such files should include information identifying larger aggregates

to which unique work groups belong (e.g., squadrons) so information

at higher levels cf analysis could be retrieved.
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Table 1

Functional Areas -- Aggregate Code Descriptions
CODE N DESCRIPTION
2D85 7 CBPO Customer Assistance Branch--~Records & Personal
Affairs
2086 10 CBPO Manning Control--Assignments
2D87 4 CBPO Quality Force, Special Actions, Separations
2E36 28 Security Police--Law Enforcement
2G33 6 Fire Station Personnel
2G35 10 Other Fire Specialicies
2G36
2639 1 Geographically Separated Units (Fire Stations)
3585 1 Fuel Storage
3587 9 Fuel Distribution
3622 8 Household Goods/Personal Property Shipping
3624 2 Air Freight Shipping
464A 5 Weapons Loaders/Handlers
464B
4735
4736
9A8B 3 Radio Maintenance Technicians
9a8D 4 Tactical Air Combat Support
Note: N signifies the number of work groups within each area.
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Descriptive Statistics and

Table 2

Intercorrelations Among Study Variables

Variables

1.

M&S
(individual)

M&S
(group)

Job satisfaction

Job Performance
goals

Supervisory
communications
climate

Work group
effectiveness

4.80

4.81

5.41

.54 .21 27

.22 .20

24

.67

.38

.23

.28

.31

.23

.30

032

.26

Note:

All correlations are significant,

102-32

p. < .001, N = 559.
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Effects of Within- and Between-Group Leadership Variation

m Table 3

R

2

Criterion Variables Agg.

Agg.+Ind.

AR

..'l_'n IR

;: Job satisfaction .05
S

o Job performance .06
goals

Supervisory .15
communications climate

Work group .05
effectiveness

.06

.08

W45

.10

.01

.04

.30

.05

Note: All st and R2 increments are significant (p<.001).

Agg. = Aggregate MA&S scores, Ind.

102-33

= Individual M&S scores.
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Figure 3 e

Proposed Multilevel Model of Leadership Effects
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RAMAN SPECTROSCOPY OP UNSTIMULATED AND STIMULATED,
CULTURED NORMAL AND NEQOPLASTIC HUMAN OR MAMMALIAN CELLS

by
James J. Mrotek
ABSTRACT

Y-1l mouse adrenal tumor cells, and a human neoplastic,
respiratory tract, fibroblast cell line, HEp-2, were
examined using laser Raman spectroscopy. Methods were
designed, and their efficacy tested, to produce ~ell
suspensions for use in the Raman spectrometer. Because
differentiated cellular function depends on large con-
centrations of certain unique intracellular molecules,
attempts were made to determine whether characteristic
Raman spectra would be profuced by in%racellular HEp-2
or ¥Y-1 molecules irradiated with a laser beam tuned to
one of several wavelengths. Using 514 and 488 nm data
obtained from both cell lines was encouraging but incon-
clusive because of insufficient replication. Y~-1 exper-
iments using 476.5 nm involved runs repeated on the
same sample, runs on different samples, and a run on a
pool of three different cell generations. This wave-
length produced what appeared to be several characteris-
tic Y-1 emissions; gome of these were analogous to
emissions others previously obtained from carotenoids
and heme-containing proteins. The Y-l cells also seemed
to respond to cAMP stimulation by producing emissions
that differed from those of control cells. Detection of
476.5 nm-stimulated emissions appeared to improve if a
parallel polarizer was inserted between sample and
detector.
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The work described in this report was funded by a
RISE grant # 83 RIP 15 from AFOSR/SCEEE, a contract from
APOSR/The Consortium for Biotechnology Research Center #
P33615-83-D-0603, Task Order Number 0008, and a 1984
SCEEE summer research fellowship. Each of these invest-
igations was designed to obtain more information on
Raman spectroscopy of inhibited and stimulated, normal
and neoplastic cultured human and mammalian cells.

The objectives proposed for the RISE grant were based
on problems encountered during the 19¢3 SCEEE summer
regsearch fellowship. The RISE proposal was designed to
optimize methods for preparing and examining cell sam-
ples in the Raman spectrometer. The Utah consortium
contract was intended to provide funds for equipment to
be used to rapidly and accurately determine cell num-
bers, to determine division times of the cultured cells
being examined by spactrometry and to develop methods
for examining purified molecules that are characteristic
of cultured adrenal cells. The 1984 AFOSR/SCEEE summer
research fellowship which is the subject of this report
provided the time and living expenses to use newly
developed methods and the equipment.

In attempt to present a complete and integrated des-
cription of the accomplishments on this project, this
report combines the results obtained using funds from
each individual socurce. To avoid the appearance of
funding duplication for the same effort, care is taken
to distinguish which result was obtained using funds
from a particular source.

I, INTRODUCTION

Through the use of USAF School of Aerospace Medicine
lab director's funds and support, Dr. John Taboada,
working in the Clinical Sciences Division of the School
of Aerospace Medicine, developed a research program and
experimental facility to invectigate the laser-Raman
spectroscopy of molecules in living systems. This ap-
proach to clinical testing is directed toward improving
non-invasive clinical diagnosis of Air Force personnel.

The object of my 1983 collaboration with Dr. Taboada

was to determine whether cultured normal and neoplastic
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mammalian and human cell types produced Raman s7»ectra i
and whether these spectra were modified by exogenous ;ff
stimulants. Since I was familiar with properties of the :ﬂb
Y-l mouse adrenal tumor cell line and its special cul- T
Syeogp

ture conditions, we began the studies with these cells. :}3
Cultured steroid producing cells can be used for study- ;j%
ing the internal and external conditions affecting ster- i;i
oid production, and Raman spectra, because the iatra- gy;:
cellular molecules and steps involved in steroidogenesis ﬁﬁg
are relatively well defined. N
...'.-‘

THEORETICAL BACKGROUND FOR RAMAN SPECTROSCOPICAL ?:3
STUDIES: o
Because a molecule interacts with the incident pho- kfi
o

tons with which it is irradiated, a small number of -l
photons of shorter (anti-Stokes) or longer (Stokes) @%;
wavelengths than those of the original incident 1light Eiﬂ

P
.

x
rd

will be scattered by the molecule during the irradia-
tion. Laser-Raman spectroscopy is performed by scanning
a range of wavelengths immediately preceeding, and suc-
ceeding, the wavelength of the incident photons to de=-
tect photons scattered by the irradiated molecules. In
theory, a given molecule will produce only a limited

number of specific spectra.

II. OBJECTIVES

The study of molecules and cells using laser Raman
spectrocscopy is intended to provide semi- or non-inva-
sive diagnostic techniques to monitor the suitability of
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Air Porce personel to perform their tasks. The promise
of laser Raman spectrometry in carrying out this intent
is evident from existing literature (l1-4) and from pre-
liminary published and unpublished experiments conducted
by Dr. Taboada and me (S5). However, much basic data
regarding the technique remains to be obtained. Fre-
quently data acgquisition must be deferred while solving
logistical and procedural problems impeding progress.
During the past year this report author was funded by
three different sources: an AFOSR/SCEEE RISE grant, a
contract from the AFOSR/Utah Consortium for Biotechnolo-
gy Research and a second SCEEE summer research fellow-
ship. Each of these grants and fellowships contributed
to the development of procedures designed to provide
information on the experimental system to insure that
laser Raman data acgquisition would be valid.

The objectives proposed for the RISE grant were based
on problems encountered during the 1983 SCEEE summer
research fellowship. The RISE proposal was designed to
optimize methods for preparing and examining cell sam-~
ples in the Raman spectrometer. The Utah consortium
contract was intended to provide funds for equipment to
be used to rapidly and accurately determine cell num-~
bers, to determine division times of the cultured cells
being examined by spectrometry and to develop methods
for examining purified molecules that are characteristic

of cultured adrenal cells. The 1984 AFOSR/SCEEE summer

103-6

L}

. B
A

r

e b

-,
»
.

.' l" .Y'.l -.'

$ ¢_5_ %_*%

« ¥, p - oo a0
A A v’l. {'.
AN ¥

. . .?:—
P }

L e i i) N |
. Lt e 's
FRRIE S SN

¥ -
S IR

2

i

T

.-
.
v

L,
Lelvle

row v n
et "rg
-,‘n~.n.»'

-

"
-

o

*u
)
LIS
g

B

-----------------




e 2P S

)
e Tete

G SRS

& s

1Y 3 LR

) . e e .
e, e e .

research fellowship which is the subject of this report
provided the time and living expenses to use newly

developed methods and the equipment.

III. RESULTS

METHODS DEVELOPED TO PROVIDE CELLS FOR RAMAN
SPECTROSCOPY

In the summer of 1983 we adapted the handling of
cultured cells to the system existing for Raman spectro-
scopy of bacterial cell suspensions (see 1983 SCEEE
Summer Research PFellowship Report). Using funds from
the 1983 RISE grant, the preliminary procedures used to
produce suspensions in summer 1983 were confirmed during
trips to Brodks AFB in 1983-84 and this summer during my
summer research fellowship. In the discussion which
follows the rationale and difficulties associated with
the use of these procedures, and the solution to these
- difficulties are described.

In each of these procedures sterility was maintained
to avoid introduction of contaminant vmicroorganisms
which would produce confounding Raman spectra (1). Hu-
man and mammalian cells were washed thoroughly in a
nutrient medium we found experimentally to be non-fluor-
escent, Hank's buffered salt solution (HBSS). Washing
removed the standard cell culture medium, Eagle's mini-
mum essential medium with Earle's salts that contains
fluorescent serums, vitamins, aminc acids and the pH
indicator, phenol red. Since drastic changes in envirn-

ment caused by changes in incubation media might affect
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physioclogical functions, comparisons were made between
the published compositions of HBYS and standard media to
determine how compositions of each differed (Gibco cata-
log, Palo Alto, CA). We found that they did not differ
markedly (Table I).

The maximum incubation period without serums, vita-
mins and amino acids for the cells was never greater
than nine hours. Y-l cells incubated in buffered salts
for 24 hours still produced steroids under these condi-
tions (6), suggesting that a major physiological func-
tion of these cells was not compromised by 1lack of
serums, vitamins and amino acids. In our present work,
HEp~2 cells maintained 24 hours in HBSS before being
mixed with the live/dead stain, trypan blue (7), con-
tained no more dead cells than samples evaluated the
previous day (data not shown).

To produce cell suspensions, HEp~2 and Y-1 cells were
then incubated, with occasional gentle rocking, {:r 5-15
minutes in 1-4 ml (depending on culture flask size) of
0.05% trypsin. As small sheets of adrenal cells bagan
to float loose from the flask surface, a volume of 1 mM
EGTA, a calcium chelator, equal to that of trypsin was
used to inhibif trypein by removing the calcium neces-
sary for its activity, to produce single cells by caus-
ing internalization of desmosomal 3junctions holding
adjacent cells together and to prevent cells from subse-

quent reclumping. Since trypsin released individual
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TABLE I*

Anhy. MgS0O4 Anhy. CaCl2 HEPES
NaCl#** KCl1 MgSO4 *7H20 CaCl2 *2H20 Buffer Glucose

0.2 0.1‘ 1.0

HBSS 4
4 0.1 0.26 5.86 1.0

8.0 0.
MEM+ 7.2 O.

Na2HPO4*12H20 KH2PO4 NaH2PO4*H20

HBSS ‘ 0.12 0.06

- MEM 0.14

* HBSS total monovalent cation (Sodium/Potassium)
equivalents: 0.36.
MEM total monovalent cation (Sodium/Potassium)
equivalents: 0.31.
** grams/liter
+ Bagle's Minimum Essential Medium with Earle's Salts

TABLE II*

LIVE DEAD FPRAGMENTS CLUMPS

PLASK 1 55.9+410.3 20.9+7.8 20.4+7.8  2.9+0.8
PLASK 2 32.3+6.3 13.3+3.8 15.4+5.3  3.4+1.0

* Mean + S.E.M for four determinations;
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HEp-2 cells without the need for EGTA and EGTA did not ;ﬁ;
prevent HEp-2 cells from reclumping; 0.5 mg/ml trypsin ?f?
inhibitor/HBSS, added to the cells in a volume equal to ’;;:
that of trypsin, prevented clumping. Pollowing suspen- ;5%
sion, and whenever cells were transferred from one con- ;:;
tainer to another, they were rapidly pipetted up and ;Ei
down to ensure homogeneous suspensions and to dislodge jiif

any cells which might have clumped. We were initially
concerned that this procedure might fragment cells, but
data presented in Table II suggests this is not a con-
cern. We were also concerned that EGTA treatment was
traumatic to the physiology of the cell because any
excess EGTA might cause intracellular calcium to diffuse
to the extracellular fluid and alter intracellular ac-
tivity. I initially proposed in the 1983 RISE applica-
tion that the use of cell suspensions for Raman spectro-
scopy could be avoided if cells grown on coverslips were
inverted over a welled microscope slide containing HBSS.
In a trip to Brooks AFB in November 1983 we found this
proposal to be impractical because it necessitated fo-

cusing the incident laser beam within a single cell.

v

Another method suggested by Dr. Taboada involved "tun- DA ;;
neling® the 1lzger beam into the edge of a microscope

slide to which cells are attached, the beam caroms from

.
e et e
R
PP

- e s e v .
A R T

surface to surface down the slide and stokes and anti- ——
stokes wavelengths emitted from contacted cells on the

slide surface are scanned by the photon detector. Wwhile P-.'

discussing this and other geometric arrangements, we )
- '.'
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realized that most samples which would be used in Air
Force tests would be suspended from epithelial cell
scrapings or from biopsies. We, therefore, reluctantly
returned to the trypsin, EGTA and trypsin inhibitor
methods developed in the summer of 1983. Dr. Taboada's
“tunneling® procedure remains to be tried.

In using cell suspensions the effects of trypsin,
EGTA and trypsin inhibitor on the viability and physiol-
ogy of suspended cells could be questioned. While we
conducted no direct experiments to measure physiology
and viability, other investigators had. Steroid produc-
tion and adrenal cell viability was recently shown by
Voorhees and Mrotek (8) to be unaffected by trypsin and
trypsin inhibitor; while Brown, Mrotek and Hall (1975,
unpublished data) showed that adrenal cells suspended in
EGTA were able to respond to ACTH and produce steroids.
These findings suggest that at least one adrenal cell
physiological parameter was unaffected by our suspension
procedures. Since HEp-2 cells have no readily measur-
able physiological parameters, we have no information
regarding the effects of any of the suspending agents on
their physiology. Live/dead cells, cell fragments,
bacterial and fungal particulates and cell clumps were
counted in HEp~2 cell samples suspended with trypsin and
EGTA (Table 1II). Although suspended at the same time,
flask two was counted five hours later than flask one.

Thus it is apparant that prolonged suspension of the
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cells does not harm viability. Suspended cells counted
24 hours later did not exhibit any increased mortality
{data not shown). Pragments, including crystalline
serum proteins, stain particles and rounded objects
1/25th the size of cells, seemed to be non-cellular
material. Clumps, defined as two or more attached cells
or cell parts, represented only a small percentage of
the total counted material. Maximum clump size consisted
of no more than four, but usually two, cells. In the
last two 1984 SCEEE summer fellowship' weeks, =ttempts
were made using the Coulter counter purchased with Utah
consortium funds to verify fragmentation and c¢lumping
results for HEp-2 cells, then extend this data to Y-1
cells. As understanding of counter operation improved,
we also attempted to establish approximate cell diame-
ters. By resetting the count discriminators to detect
larger and larger particles after each count, _fragment
and clump counts, and cell size, was infered (Table
I1I1). Data for run 1 with HEp-2 cells suggested that
there were relatively few particles between 0-15 microns
or of 20 or greater microns; two to ten times as many
particles ranged between 15-20 microns. Run 2 data
suggested that the majority of the particles range in
size between 10-15 microns, with nine times fewer parti-
cles averaging 20 microns or greater. Most particles in
run 3 also ranged between 10-15 microns in diameter;
very few were greater than 20 microns in diameter.

Collectively, the data was consistent with the view that
103-12
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TABLE III

HEp-2
RUN 10-13* 10-15 13-15 15-20 20-25
1 0.66%* 1.18 0.13
2 18.29 12.10 1.80
3 16.22 9.24 0.11

¥-1

7-10 10-11 11-13 11-15 13-15 15-20 20-25

1 6.35 13.88 4.60 0.35
2 4.04 2.54 3.90
3 0.06 3.82 9.36 7.17

* Counts for particles whose diameters (in microns)

fall within this range. Space limitations pre-

cluded including standard error of the mean; all

counts were statistically valid.

** X 10~5 particles.
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HEp-2 cells ranged from 10 to 20 microns in diameter and
that few clumps larger than 20 microns in diameter
existed in suspensions; data regarding 0-10 micron frag-
ments was inconclusive, Purther experiments are re-
quired to determine fragment counts and refine celi
diameter ranges, The majority of the particles in Y-l
cell suspensions ranged between 7 and 15 microns with
the largest numbers being in the 11-15 micron range.
With the exception of run 2 in which there was relative-
ly 1little change in particulate numbers between 7-15
microns, few particulates were found in 7-10 and greater
than 20 micron ranges. Collectively, these data may
suggest a probable cell size in the 11-15 micron range
and 1little fragmentation and clumping. Lack of clear
results in these counting experiments resulted from
inconsistent experimental designs, and lack of t.me and
experience with the Coulter counter. Additional work is
suggested.

We were also concerned about long-term laser irradia-
tion of a suspended cell. Dr. Tabcada had previously
circumvented this difficulty by horizontally moving the
sample-containing cuvette through the iaser beam. Be~
cause cells suspended in buffer are continuously set-
tling through the fluid, there is a possibility of too
few cells at the spectrophotometer photon detector site
if the detector is scanning the upper regions of the

cuvette, or too many if lower regions are scanned. This
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difficulty was overcome by raising the cuvette so that
the midpoint of its vertical axis was adjacent to the
spectrophotometer photon detector. Thus, as cells set-
tled out of the detection point, other cells settled
into this point. Total scan time was short enough to
insure a continuous supply of cells falling from the
upper cuvette half into the detection point. This geom-
etry »180 insured short-time cell exposure to the laser
{(elimina. ..g the need to laterally translate the cu-
vette). Nevertheless, becam effects on cell mortality
were determined by counting live/dead cells before and
after Raman spectrometry (data not shown). Within the
experimental error of the method (5%), there was no
measurable increase in cell mortaiity. Laser effects on
physiological parameters remain to be determined. We
were aware that as cells accumulated on the cuvette
bottom, the mass of material might occlude the laser
beam. Using the Coulter counter purchased with Utah
consortium funds to accurately and rapidly count cells,
we could always dilute our samples to maintain a concen-
tration of 1.2 million cells. As determined in succes-
sive laser runs using fewer HEp-2 cells, 1.2 millicn
cells seemed to optimize Raman spectra detection while
minimizing beam occlusion due to c¢ell accumulation
(spectral data not shown).

To explain high levels of Raman spectral activity
obtained from HEp-2 and Y-1 cells during my 1983 summer

research fellowship, 1 suggested metabolic and cell
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surface activities as sources of these spectra and Dr.
Taboada felt that mitosis might also be a source of this
activity; these suggestions were based on my experience
with cell surfaces and cytoskeleton (8-14), and Dr.
Taboada's with bacterial fission. In addition, we
wished to monitor viability, fragmentation, cell clump-
ing and contamination of cell suspensions to assure
applicability of Raman data to only the cells being
examinec, To conduct these evaluations, an inverted
Nikon microscope with photogiaphic &.1d time-lapse video-
taping capabilities was purchasecd using funds from a
contract with the Utah consortium. Time-lapse videomi-
croscopy can establish the cycle time between mitoses
and also the cell surface activity. Live/dead counts,
fragments, contaminants and c¢lumping may alsc be deter-
mined with this microscope. Several factors prevented
us from obtaining data related to the above goals.
First, the microscope did not arrive until three weeks
before the end of the fellowship; second, a useable
videotape recorder capable of time-lapse operation could
not be found on base; third, the "real-time® videotape
of microscepe images was not be enlarged enough and
illumination was of insufficient intensity for adequate
contrast. While evaluation of cell suspensions might
have been conducted with the inverted microscope, a
microscope Dr. Taboada obtained from surplus property

was used to complete most of _lYis work before it ar-
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rived. PFuture experiments to clarify the involvement of
cell surface activity and mitosis in Raman activity are
planned when funds become available for purchase of a
time-lapse video recorder and a microscope objective
more powerful than the existing 40X. The problem of
insufficient illumination can be corrected by purchasing
a video camera having a more sensitive detection system.

Since Dr. Taboada has detected Raman signals assoc-
iated with fission in synchronized bacterial cells, he
is interested in similar phenomena in mitotic mammalian
cells. It is his working hypothesis that Raman signals
we have cdetected from rapidly proliferating mammalian
cancer cells may derive from the random mitotic activity
of the cancer cells. Synchronization of thess cells
would then intenﬁify the signals and improve reproduci-
bility. Several 1lines ot evidence suggest to me that
Raman signals detected in these experiments are indepen-
dent of mitosis: (a) bacterial fission is different than
eukaryotic yitosis, (b) neoplastic cell division rates
need not be different from normal cell counterparts
(even the most malignant tumors possess an average 18-
to 24-hour cell cycle): theAanalogs only differ in their
ability to cease division when all available growth
space is lost and adjacent cells are in complete contact
with each other (15), (c) most cell division cycles are
between 10 - 24 hoursz long, however, the length of
mitosis is seldom longer than two hours. At any given

time, therefore, from 8 - 20% of a randomly dividing
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cell population will be dividing. It seems wunlikely
that the entire Raman activity detected in our cells can
be ascribed to such a relatively small division percen-
tage. However, metabolic and cell surface activity is
continuous during non-dividing cell phases, and differ-
entiated function occupies at least four, if not more,
non-dividing hours. Thus, molecules associated with
these cellular activities would seem to be more probable

causes of Raman activity following laser irradiation.

LASER DATA

Using a laser tuned to one of several different
wavelengths, preliminary Raman spectral data were ob-
tained from HEp-2 and Y-1 cells before and after stimu-
lation with ATP or cAMP (Tables IV, V, VI and VII).

Before a summary of the data in the tables is presented,

‘several points should be made regarding methods and

definitions used for data interpretation. An experimen-
tal group was defined as a specific cell type irradiated
at a given laser wavelength. A treatment component was
either the biochemical stimulant, cAMP or ATP, or the
spectrometer modification, presence or absence of a
polarizing filter between the sample and detection sys-
tem., A replicate was the repeated laser scans of a cell
type receiving a specific treatment component; except in
scans conducted at 476.5 nm, no attempt was made to
distinguiéh between repeated scans of a single sample

and a scan of different, but similarly treated,-sample,
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because of the enormity of the data. An event was
defined as a single graphic excursion measuring one cm
or more from lowest to highest point; as defined in (b)
below an event was alsc a collection of events never
differing from each other by no more than four wave
numbers. The event wave number was the photon wavelength
emitted following laser irradiation of a cell. The
summary for each experimental group following shortly
will be organized to present Raman events associated
with a single treatment component within an experinment,
with two treatment components having elements in common
or with events occurring in the majcrity of the treat-
ment components in that experimental group. To inter-
pret this data these criteria were established: (a) two
wave numbers differing by five or more were considered
to be different (our reasons for this were: in most
inastances two differert individuals read the laser-Raman
graphs within four wave numbers of each other; during my
readings I accidentally reread wave numbers from several
different portions of the graphs, these readings dif-
fered by no more than four wave numbers; and, the reso-
lution of the detector is 5/cm), (b) since a range of
five wave numbers from replicate runs would not be
different, for reporting they were combined into a range
(a given range was often large because each successive
excursion that was 0 - 4 higher than the preceeding

excursion was included in that range until an excursion
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differing from the last range excursion differed from

the next wave number by five; the exception occurred if
an excursion added to the given range caused two excur-
sions from the same run to be included (c¢) in summari-
zing this data only excursions replicated three or more
times in a given experimental treatment or bctween
treatments appear, (d) in multi-treatment experiments,
only excursions replicated in all three treatment compo-
nents, or in three out of a four component experiment,
were recorded as events commonly exhibited by those
cells when irradiated at that laser wavelength, (e) for
each wavelength, events from each treatment component
coinciding with water and HBSS solution events were
eliminated if they occurred within four of a given wave
number; thus, events reported in the tables are those
remaining after removal of background events; the sole
exception to this was Y-1 adrenal cells irradiated at
488 nm, which had no background runs due to lack of time
during the last days of my summer fellowship.

The repeated emissions by intracellular molecules in
the six control, HEp-2 replications irradiated at 514 nm
(Table IV), were at 418-20, 450-54, 1120-25, and 1670-74
twice, at 970-75 three times, at 878-80 and 1056-60 four
times, and 1010-15 five times. Events occurring in two,
or three, out of three treatments (nine possible repli-
cates for three treatments) were repeated three times at
144, 150, 298-300, 626-30, 980-85, 1720, and 1778-85,
four times at 560-64, 808-10, 900-05, 1000-04, 1218-24,
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1210
1218-24
1230
1240
1268-70
1318-24
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1460
1520-24
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1588-90
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Six replicates (two different samples were each
scanned three times; one of those repeat scans
was performed on 0.6 million cells - it contain-
ed many events foundi in scans using 1.2 million
cells and a large number of events associated
with buffer scans).

Two replicates (successive repeats on the same
sample).

Single scan.

Bold type was used to emphasize that an event was
recorded two or more times at that wave number.
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and 1615-20, and five times at 470-72, 1148-52 and 1540-
44. Out of two replications, no repeats were associated
exclusively with cAMP. Since ATP was only used once as
a HEp-2 treatment, results were inconclusive. It must
be noted that undetected events for any treatment compo-
nent could indicate that the events have not occurred,
or that events are missed when they occur during scan-
ning-time for another event because the spectrophoto-
meter cannot detect all events simultaneously. In
addition, there are numerous situations where attempts
to economize by recording more than one run on the same
graph sheet resulted in overlapping and obscured re-
sults. We also had several instances of pen skipping
which caused event loss. While we always tried to scan
through 2000/cm, frequently the run would either termin-
ate prematurely, or, the pen would not be lifted from
the paper as the machine reset itself. Therefore, re-
sults from 1870/cm onward were incomplete. The sum of
these technical difficulties suggests that events occur-
ring in other treatments may not have been detected.
For all these reasons, the events recorded from control
cells are probably not exclusive, although the five
repetitions of the event at 1010-15 must be considered
interesting. Similarly, molecule(s) causing emissions
at 470-72, 1148-52 and 1540-44 regardless of treatment
may reflect characteristic "signature® molecules within

the HEp-2 cell. Which molecules these might be, are
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WAVELENGTH OF Y-1 CELL RAMAN LINES PRODUCED

TABLE V

AFTER IRRADIATION AT 514 nm

WAVE WAVE
NUMBER CONTROL* CcAMP** NUMBER  CONTRUL CAMP
100 - 1 140 - 1
150 1 - 164 - 1
210 - 1 270 1 1
280 - 1 290 1 -
398 1 - 420 1 1
430 - 1 570 - 1
628 1 1 664 - 1
670 1 1 700 - 2
717 1 - 778-80 1 1
800 1 1 806 1 1
860 - 1 868-70 1 1
970 - 1 998-1000 1 1
1050 - 1 1066 - 1
1090 - 1 1100 - 1
1118 1 - 1124 - 2
1130 1 - 1130 1 -
1150 1 1 1180 - 1
1190 - 1 1210 1 -
1230 - 2 1250 1 1
1258 - 1 1264 - 1
1290-93 - 2 1318-20 - 2
1330 1 - 1340 - 1l
1370 - 1 1388 - 1
1410 1 2 1460 1 1
1476 1 - 1510 1 -
1520-24 1 1 1540 - 1
1587-90 1 1 1610 1 1
1624 - 1 1644 - 1
1668-70 1 1 1708 - 1
1718-24 1 2 1740 - 1
1764 - 1 1780 - 1
1798 1 1 1860 - 2
1870 1 - 1900 - 1
1950 - 1 1978 - 1

* Single replicate.

**  Two
sampl

replicates

e).

(successive repeats on the same

Bold type was used to emphasize that an event was
recorded two or more times at that wave number.

-----
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presently unknown. We used ATP as one of the HEp-2
stimulants because of the interesting effects it caused
when used in the summer of 1983 (5). Why we were unable
to repeat these results is unclear. Oour use of CAMP as
a stimulant resulted from information obtained during a
literature search conducted as part of the Utah consor-
tium contract. Dibutyryl cAMP was used to decreaase the
yield of Herpes-Simplex 1 virus particles released from
inoculated HEp-2 cells (16). Although our cells were
uninoculated, we used the precedence of this work to
guide ours. Too few replicates were conducted to sus-
tain any conclusions about this work. We had also
intended to investigate cytochrome response to irradia-
tion at 476.5 and 488 nm because literature studies
indicated that HEp-2 cells irradiated with 6.5 mm radio-
waves of 1 mW/cm2 flux density reduced cytochrome oxi-
dase and NAD~ and NADP-diaphorase activities (17). Af-
ter effort focal point vacations, spectrometer redesigna
and usage by two other SCEEE fellows, 1little time re-
mained to include all intended experiments. It is ex-
pected that funds from a 1984 APOSR/SCEEE RISE grant
will permit continuation of these investigations under
more ideal circumstances.

Two repeated emissions by intracellular molecules in
the two cAMP-treated Y-l replicates irradiated with 514
nm (Table V), were found at 700, 1124, 1230, 1290-93,
1318-20, and 1860. Whether these events result from

cAMP treatment, or characteristic emmisions of the Y-l
103~25
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adrenal cell, was uncertain for reasons described above.
Events detected in all three runs of control and cAMP-
treated cells were at 1410 and 1718-24. Since control
cells were only scanned once, results were inconclusive.
There were too few replicates in this experiments to
draw conclusions about "signature®” molecules.

Repeated emissions by intracellular molecules in the
three control, Y-1 replications irradiated at 488 nm
(Table VI), were twice found at 140-54, 320, 598, 610,
644-5-50, 710, 920, 960, 970, 984-95, 1030, 1142-44,
1158-60-2, 1190, 1210-14, 1344-6-50, 1390-94, 1437,
1468-70-3, 1560, 1564-8, 1590, 1628-30, 1670, 1680-84,
1720-24, 1778-80, 1818-20, 1824, 1908-10, and 1920-24.
Similarly, events were observed at the following wave
numbers in all three control replicates: 200-04, 300-04,
668~70-4, 690, 1080-4-90, 1108-10, 1600, and 1800-4-8.
For the events occurring in both treatment components,
there are four replicates. Events repeated three times
were found at 170, 270-8-80, 328-30, 340-44, 400, 430-
38, 450, 496-500, 574-78, 658-60-2, 764-8-72, 1038-40-4,
1057-60, 1122-4-30-2, 1178-80-4, 1200-04, 1300, 1525-30,
1548-50-4-60, and 1860-4-8, while events repeated in
all four replicates occurred at the following wave num-
bers: 790-8-800, 890-4-8, 1310-8-20-2, 1458-60-4-5, and
1508-10~14. Lack of repetition of the cAMP run prevents
conclusions from being drawn. As discussed previously,

events occurring only in controls may also occur in
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TABLE VI [
_ e
WAVELENGTH OF Y-1 CELL RAMAN LINES PRODUCED e
APTER IRRADIATION AT 488 nm+ j
WAVE WAVE A
NUMBER CONTROL* CAMP#** NUMBER CONTROL CAMP b
130 - 1 135 1 - Py
240-54 2 - 160 1 - o
170 2 1l 178 1l - :5,':\.
190 1 - 200-04 3 - Y
215 1 - 225 1 - :
240 1 - 260 1 - s
264-75 1 - 270-8-80 2 1 e
300-04 3 - a/310 - 1 AN
320 2 - 328-30 2 1 ol
340-44 2 1 362 1 - ENEA
370 1 - 375 - 1 i
384 - 1 392 1 -
400 2 1 408 1 -
415 1 - 420 1 1
430-38 2 1 d/440 1 -
450 2 1 462-64 1 1 o
480 1 - 488 - 1
490 1 - 496-500 2 - :
515 1 - 520 - 1 34
530 1 1 540 1 - ey
560 - 1 568-70 1 1 o
574-78 2 - 580 1 - i
590 - 1 598 2 - Npe
610 2 - 620 - 1 AR
624 1 1 630 1 -
644-5-50 2 - 668-70-4 3 -
690 3 - 700 1 -
710 2 - 724 1 -
738 - 1 743 - 1
748 1 - 758-60~-2 2 1
764-8-72 2 1 778 1 1
784 1 - 796-8-800-4 3 1
810 1 1 820-24 1 1 =
820 1 1 846-48 1 1 .
854 1 - 870 1 1 :
890-4-8 3 1 900-04 1 - -1
910 1 - 920 2 -
930 1 - 940 1 1 i
950 1 - 950 2 - T
970 2 - 984-35 2 - o)
1000 1 - 1010 - 1 e
1020 1 - 1025 - | TN
1030 2 - 1038-40+-44 2 1 RS
1050 1 - 1057-60 2 1 R
1068-70 1 1 1080-4-90 3 - -
1094 1 - 1100 1 -
103-27
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WAVE
NUMBER

CONTROL

CAMP

1108-10
1142-44
1158-60-2
1178-80-4
1200-04
1224
a/1240
1257-60
1270
1300
471330
1355
1370
1390-94
1396-1408
1418-0-2-4-6
1437
1458-60-4-5
1485
1498-1500
1520
1542
1560
1580
1600
1620
1640-44
1660-64
1680-84
1690
1710
1740
1764-5
1790
1818-20
1830
1860-4-8
1890
1908-10
1930
1954
1984

RN IR LR WHNF R WRR R RN NN W

{2 T I T B o e B I Y B el e B e el I O O I O I R I T Y O B I I R I ]

* Single replicate.

L 2 2 Two
sample).

replicates

{successive repeats on the same

WAVE
NUMBER

CONTROL cCcAMP

1120-4-30-2
1150
1165-68
1190
1210-14
1230
1250
1264
1287
1310-8-20~-2
1344-6-50
1364
1380-85
1400
1410
1430
1450
1468-70-13
d/1490
1508-10-14
1525-30
1548-50-4-60
1564-68
1590
1608-10-8
1628-30
1658
1670
1684-94
1700
1720-24
1750
1778-80
1800-4-8
1824
1855
1880
1900
1320-24
1944
1964
2000

HEFRWHERREFRWRRERNFERFNRFWHRERBDRNNN W | e R W NN W

+ A doublet (d/) begins at that wave number.

[ I T O T O R T R S R B R B B O I B ol o B e R A S I N o T I A

Bold type was used to emphasize that an event was
recorded two or more times at that wave number.

Underlined numbers represent wavelengths at which

carotenoids and heme-containing proteins emit.
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ch'P-treated cells but be missed during the scanning
procedure. In addition, three replications do not seem
sufficient to draw conclusions about control events. It
is interesting that there are a limited number of events
common to both treatments; particularly those events
with ranges encompassing only 6, 7 and 8 wave numbers
may represent emissions by characteristic Y-1 cell mole-
cules responding to light at 488 nm. We note that
events within the ranges centering on 1040 and 1300 were
repeated in three out of four replicates, while the
range including 1460 appeared in all four replicatiorns.
More replication is required to verify these
possibilities.

In attempting to understand the significance of repli-
cation of resporses to irradiation at 488 nm, we found
that this wavelength caused carotinoids and cytochromes
to emit at wave numbers of 1040, 1300, and 1460 (18).
Most mammalian cells in vivo and in vitro are unable to
synthesize carotenoids and their derivatives; they are,
however, able to absorb them from their nutrients (19).
Vitamin A, a carotenoid, is stored in intracellular
adrenocortical lipid droplets (20, 21). Rats deficient
in wvitamin A show reduced rates of glucocorticoid pro-
duction, probably due to failure of deoxycorticosterore
to be hydroxylated to the gucocorticoid, corticostercne
(22, 23). The Eagle's minimum essential medium with
Earle's salts used in culturing Y-1 adrenal cells did

not contain carotenoids (Gibco catalog, Palo Alto, CA).
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wWhether these molecules could be absorbed from the ser-

umgs used in their maintenance was unknown until receat-
ly. Now information regarding the major constituents of
serums is available; HyClone Laboratories (Logan, Utah)
indicates that their fetal bovine and horse serums con-
tain, respectively, a total of > 209 and 233 ng/1C0 g
serum of these carotenoids: retinoic acid, retinyl pal-
mitate, retinyl acetate, retinol and carotene. Wwhile we
used fetal bovine and horse serum froem XC Biological
(Lexina, Kansas), serums from different commercial sour-
ces should not differ. Particularly because most cattle
and horses are genetically inbred, and, serums from many
animals are pooled to produce the marketed product.
With regard to ircn-containing proteins, adrenal cells
contain large concentrations of various cytochromes,
flavo~ and heme proteins, including cytochromes a, a3,
b, b5, ¢, cl, side-chain cleavage, 11 bata and 21 beta
P-450s, P-420, adrenodoxin, flavoprotein and non-heme
iron (24, 25). These iron-containing proteins are used
in the synthesis of steroid hormones, or to provide
energy-containing compounds for viability and stercid
synthesis (26). Besides being useful as models for
studying carovenoids, steroid synthesizing cells are
also ideal for examining laser Raman spectra associated
with iron-containing compounds. Concentrations recorded
for a few bovine adrenal mitochondrion and microsome

heme proteins are summarized in Table VIII. To convert
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P-420
P-450

TABLE VIII

HEMOPROTEINS IN BOVINE ADRENAL
MITOCHONDRIA AND MICROSOMES +

MitochonCriat Microsomes**

305 i 0-1 -
1.2 1 0.‘ -
200 : 0.4 -

- 0.06
2.4 £ 0.6 -
1.8 + 0.4 ..
“5 i 1.9 . -

- 0.16
8.3 + 2.8 0.23

+ nanomoles/mg nitrogen

* (L8)
** (49)
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these figures from mg nitrogen to mg protein a multipli-
cation factor of 6.25 must be used (27). Thus, a total
of 151 nanomoles home protein/ mg protein may exist in a
bovine adrenal cell. While similar fiqures do not exist
for Y-1 adrenal cells, the bovi~e concentratiocns may be
extrapolated using the conversion factor: 0.6 nanograms
protein/mouse adrenal cell (10). In our experiments we
routinely used 1.2 million cells; our sample, therefore,
had approximately 108.7 total nanomoles heme protein.
Control Y-1 intracellular molecules irradiated at
476.5 nm emitted photons which were scanned without a
polarizer in five essentially complete, and one partial,
replicate runs (Table VII). Control events were re-
peated twice at wave numbers 120-40 and 910, three times
at numbers 590, 1320-22, and 1408. To reduce fluores-
cence causing progressive upward displacement of the
events being recorded, scanning was conducted using a
filter which polarized parallel; out of four replicates,
wave numbers 125-28, 816-18, 1244-45, 1780 and 1904 were
repeated twice; numbers 200-04 and 1268-~70 were repeated
three times. Out of nine replicates, events occurring
simultaneously in polarized and non-polarized controls
were repeated three times at 260-64, 368-70, 69%4-8-13,
735~7-40, 1277-80, 1760, 1775, and 1820 or four times at
240-2-4, 1020 and 1874-8-90. Pooling replicates from
the non-polarized components, sii controls and two cAMP
treatments, events repeating three times appeared at

270, 850, 1224-25, and 1368-70, with 1930 being the wave

103-32
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TABLE VII

WAVELENGTH OPF Y-1 CELL RAMAN LINES PRODUCED
AFTER IRRADIATION AT 476.5 nm

PARALLEL PARALLEL o
WAVE POLARIZ. POLARIZ. —
NUMBER CONTROL* CONTROL+ CAMP* ¢ CAMP++ ’ ..

102
125-28 ##
120-40

134-6-8-42

150
a/164 #
186-83

194
200-04

210
218-20

223
228-30

240-2-4
250-53
260-64

270

278-82-3
296-300
306-7-8
318-20-5
328
336-8-40~-2-3

358-60

368-70

390-1-5-400
405-6-8-10

428-30

440-3-4

450-53

458-60-4

a/466

472-5-6-8-80°
476-7-8-90
504-8-10-1-2

520-22

528-30

538-40-2-4

546

555-6-8-60

573

580-83

584-602

590

596-7-8-600
604-8-13

3.
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626-8-30-5

638-40-2
648
658-60
664

670-5-8-80

690
710
715

720-1-3-4-8-30

735-7-40
745
750

755-8-60-4~-5

770
790-2-4

798-800-4-5

808-10
816-18
850
8s8
868-70
872-78
875-8-82
890
894-900
898-900-4
d/910

918~-20~-2-5-8

938-40-2

950-3-5-6-8-60

968-70
968-74
978
985
986-98
990-92
1000
1005-8-10
1020
1020-40
1022-3-5
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1030-2-6-8

1042-44
1050-52

1 [

T
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1060-2-6-8

1070-73

1078-80~-2-3

1188-90-2
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WAVE
NUMBER

CONYROL

PARALLEL
POLARIZ.
CONTROL

1224-25

1228-30-3-6-8

1244-45
1242-50
1250-54
1260
1260-70
1268-70
1277-80
1288-90-2
1308~-10
1320-22
1300
1338-40~2
1347-50-2

1358-60~-2-4-6

1368-70
1370-80

1375-6-8-80

1385
1390
1385-1400

1395-8-400-3-5

1408-10
1425-6
1430
1348-50
1458-60
1468-70
1478-80-3
1486-8-90
1495
1498-1500
1525
1530
1536-8-40
1570
1570-78
1570-90
1575

1578-82-3-4

1588-90
1608-10
1612
1626-7-30
1648-50-3
1658-60
1664-8-72
1680
1688-90

1694-6-8-1700

D
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PARALLEL PARALLEL
WAVE POLARIZ. POLARIZ.

NUMBER CONTROL CONTROL CAMP CAMP

1704-6~-7-8-10
1716-20-2
1724-6-8-30
1740-44
1745~58
1750-2-5
1760
1765-8-70
1775
1780
1787-8-90
1796-8-1800
- 1818
1820
1830
1836-8-40
1844-8-50
1860-2-4-5-6
1868
1874-8-90
1895-98
1900-02
1904
1915-16
1930
1938
1946
1958-60
1966-70
1980
1996
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Pive essentially complete (some skipping and
duplicate graphing overlap) and one partial
replicate (these 8ix represent three separate
scanning experiments: one a single incomplete
experiment, another scan repeated twice and a
third repeated three times).

Two replicates (repeats on the same sample).
Four replicates (repeats on the same sample).
Two replicates (repeats on the same sample).

A doublet (d/) begins at that wave number.

Bold type emphasizes that an event was recorded
two or more times at that wave number.
Underlined wave numbers represent wavelengths
emitted by carotenoids and heme-containing
proteins.

The underlined 2 at 1750 represents 2 graphic
excursions of large magnitude.
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%
number of an event repeated four times. Using these SS
same treatments, but polarizing emissions parallel, the iﬁ
six replicates produced events repeate& three times at
134-6-8-42 and 306-7-8 or four times at 1042-44, 1050- ;%
52, 1375-6-8-80 and 1765-8-70. Summarizing repetitions -
when all treatment components were examined for common ?;
events presented numerical logistical problems. To min- ga
imize numbe:s from the 14 replicates, only repeats ap- Zi
pearing five or more times were recorded. In addition, e
these repeats were subdivided into two categories: re- 1[
peats appearing in any three out of four treatment com- %ﬂl
ponents, and repeats appearin~ in all four components. i:f

In the first category 440-3-4, A50-53, 458-60-4, 472-5-
6-8-80, 476~7-8-90, 504-8-10-1-2, 596-7-8-600, 690, 755-
8-60-4-5, 898-900-4, 968-70/968-74, 1188-90-2, 1218-20-
2, 1250-54, 1308-10, 1347-50-2, 1448-50, 1486-8-90,
1536-8-40, 1688-90, 1694~-6~-8-1700, 1750-2-5, 1836-8~40,
1844-8-50 were all repeated five times, while 520-22,
555-6-8-60, 1358-60-2-4-6, 1458-60, 1658-60, 1704-6-7-8-

-~ kil L ) r - - . - . -
RAATATAY SR R
% T et T,
* P | FE A N

10, 1796-8-1800, and 1860-2-t-5-6 appeared six times, E“é
1078-80-2-3 and 1228-30-3-6-8 repeated seven times, and _,ﬁ;
1608-10 was common to eight pooled runs. Those having ﬁu;
at least five out of a possible fourteen repeats and ‘J

appearing in all four treatment components, were found
at 318-20-5 and 358-60, seven repeats at 626-8-30-5,
638-40-2, 938-40-2, 1005-8-10, 1060-2-6-8, 1200-2-5-8-10
and 1724-6-8-30, eight at 405-6-8-10, 670-5-8-80, 918-

20-2-5-8, 1395-8-400-3-5, nine and eleven repeats at
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950-3-5-6-8-60 and 720-1-3-4-8-30, respectively.

The occurance of only a few events per component
category, the repetition of an event in at least 50% of
the replicates, a relatively narrow range of wave num-
bers in an event, and the appearance of a given event in
> 3 treatment components, ‘were criteria used in sugges-
ting that an event may be characteristic *ro Y-1 cells
irradiated at 476.5 nm. Thus, non-polarized emissions
from controls appeared in a narrow event range in S0% of
the replicates at three different wave numbers, >50% of
the polarized control cell emissions were associated
with seven narrow range events, and only three events
were narrow range in 44% of the control replicates
regardless of polarity. Because of the number of runs
on different Y-1 samples, one of which was pcoled from
cultures of three different doubling numbers, these
emissions may be considered characteristic of the var-
ious control Y-1 cell treatment components at 476.5 nm.
Only a single non-polarized relatively narrow range
emission from the control/cAMP treatment component was
replicated in 50% of the runs. Polarization permitted
detection of six relatively narrow range events in 50%
or more of the replicates. The relatively large number
of replications available by pooling all treatment com-
ponents revealed that sixteen relatively narrow range

emissions occurred >50% in three, or four, of the compo-
nents; one of these (720-1-3-4-8-30) was replicated

eleven out of fourteen times.
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o5,
Events at 480, 600, 900, 970, 1010, 1060, 1650, and ’:
1750 are associated with 476.5 nm irradiated carotenoid fih
and heme protein emissions (18). Although two other o
wave humbers also associated with these molecules (1330
and 1430,, events were cancelled by water scan back- L
ground events. If water events at 1335 were disregard- ?j?
ed, six out of fourteen events would be recorded. Simi- ;i;
larly, 1418 and 1438 +5 water events cancelled three ;;ﬁ
events centering around 1430. *tf
Using 476.5 nm irradiated Y-1 adrenal cells encourag- v
ing data suggest that relatively large concentrations of :.
unique intracellular molecules can produce .characteris- F4;
tic Raman signatures for a particular cell type. In &Tv
addition, event detection appears improved using a pol-
arizer. This implies that laser Raman spectrcmetry may :;i
provide a semi-non-invasive technique to develop proced- fﬁ?

ures to improve nightvision, study age-related pilot vi-
sion deterioration, ' to diagnosis cancer early in Air ,;?
Force personnel (4), and to determine dietary and exer-

cise regime effects on physiological and chronological

age as it applies to individual performance. Y-l adren-

1‘ A ..
A LA S A
. PRI
PP L A .
3 RN

al cell use as study models is particularly important to

Air PForce missions because adrenals protect personnel *i“:
against stress (28). Recent Seattle, Washington, re- f;3
ports about microwave irradition effects and human ad- Eii
renal enlargement amplify these concerns (29). %FT
VI. RECOMMENDATIONS: f

As noted previously we experienced aumerous instances
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where events were undetected due to mechanical logis-
tics. Such malfunctions ct *ed us to question whether
events had occurred, or whether events were missed dur-
ing scanning-time for another event because the spectro-
photometer cannot detect all events simultaneously. Some
of these mechanical situations resulted from attempts to
economize by recording more than one run on the same
graph sheet causing over: apping and obscured results.
We also had several instarces of pen skipping causing
event loss. For future experiments I strongly recommend
administrative support for Dr. Taboada's plans to up-
gra‘e the spectrophotometer by linking it to photon
detectors which simultaneously scan broad wave bands.
In addition, the data collected by the detector should
be fed to a computer and programs for its =nalysis,
manipulation and comparison should be implimented ac-
cording to Dr. Taboada's proposed designs. This report
was delayed by the necessity of two individuals manually
reading 47 graphs and recording, compiling, asimilating
and analysing the resulting data. The undertaking re-
quired approximately 300 man-hours. A requirement which
discourages the dedicated assult which the problem re-
quires. Note that a number of our investigations are
inconclusive because of a lack of replication. One |is
reluctant to do this replication because of the logisti-~
cal problems. Since most of the preceeding recommenda-

tions have been initiated, all that is required 1is
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concentrated financial, technical and administrative
support for their completion.

Until the spectrometer is updated concerned effort
must be made to avoid economization by recording more
than one run on the same graph sheet. To avoid pen
skipp;nq which caused event loss, Dr. Taboada must ob-
tain reliable chart recorders from the equipment pool.
To scan all events through 2000/cm, care must be exer-
cised to avoid premature run termination and pen
remaining on the paper as the machine resets itself.

Specific problems which require further investigation
include the following.

1. Determining practicality of the scanning method sug-
gescted by Dr. Taboada ("tunneling®” the laser beam into
+he edge of a microscope slide to which cells are at-
tached, caromming the beam from surface to surface down
the slide and scanning the stokes and anti-stokgs wave-
lengths emitted from contacted cells on the slide sur-
face with the photon detector).

2. Using the Coulter counter, further experiments are
required to confirm existing data on Y-1 and HEp-2 cell
fragment counts and refine cell diameter ranges. Lack

of clear results in the Coulter counting experiments

rasulted from inconsistent experimental designs, and
lack of time and experience with the counter.

3. Although short exposure beam effects on cell mortali-
ty were negligible as determined by counting live/dead

cells, laser effects of short-time cell exposure on

103-41




physiological parameters, such as steroidogenesis, re-
main to be determined.

‘. Future experiments are required to clarify the in-
volvement of cell surface activity and mitosis in Raman
activity. There depend on funds becoming available for
purchase of a time-lapse video recorder and for a micro-
scope objective more powerful than the existiﬁg 40X to
increase cellular details. The problem of insufficient
illumination experienced during our summer studies can
be corrected by purchasing a video camera having a more
sengsitive detection system.

5. Emissions by'intracellular molecules in HEp-2 cAMP~-
and ATP-treated cells irradiated at 514 nm need to be
repeated. In the two replications reported above, no
Lepeats were associated exclusively with cAMP. In addi-
tion, ATP was only used once as a HEp-2 treatment;
results were, therefore, inconclusive. As noted, all
events associated with a single treatment component will
continue to be inconclusive if they occur during scan-
ning-time for another event because the present spectro-
photometer cannot detect all events simultaneously.
The cytochrome response to irradiation at 476.5 and 488
nm should also be investigated because literature
studies indicated that HEp-2 cells irradiated with 6.5
mm radiowaves of 1 mW/cm2 flux density reduced cyto-
chrome oxidase and NAD- and NADP-diaphorase activities
(17). Funds from a 1984 AFOSR/SCEEE RISE grant could

permit continuation of these investigations.
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6. Two repeated emissions by intracellular molecules
were obtained from the two cAMP-treated Y-1 replicates
irradiated with 514 nm (Table V). Whether these events
result from cAMP treatment, or characteristic emmisions
of the Y-1 adrenal cell, was uncertain for reasons
described above. Since control cells were only scanned
once, results were inconclusive. There were too few
replicates in this experiments to draw conclusions abocut
"signature” molecules in Y-l cells irradiated at 514 nm.
1. There were no repeated emissions by intracellular
molecules in the cAMP-treated Y-1 cells irradiated at
488 nm. Lack of repetition of this cAMP run prevents
conclusions from being drawn. As discussed previously,
events presently noted only in controls may also occur
but be missed during scanning. In addition, the three
replications of the experiment do not seem sufficient to
draw conclusions about common cellular events, although
it was interesting that there were a limited number of
events common to both treatments. In particular, those
events encompassing a range of 6 - 8 wave numbers might
represent characteristic Y-1 cell molecular emisgsions
after irradiation at 488 nm. More replication is re-
quired to verify these pogsibilities.

8. Techniques for enriching cellular carotenoids in Y-1
and HEp-2 cells should be used to examine effects on
signature spectra. In addition, inhibitors which hind
or poison cytochromes should be added to cell suspen-

sions to determine effects on characteristic emissions.
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PRELIMINARY MONTE CARLO STUDIES OF THE STRUCTURE OF MOLTEN SALTS

by
R. D. Murphy

ABSTRACT

The Monte Carlo method of statistical mechanics has been applied to
the study of the struciure of a model of molten methylethylimidazolium
chloride, which is one constituent of a class of room-temperature molten
salts which are being studied as possible electrolytes for battery
applications. The Monte Carlo studies tend to confirm the view of the
structure of these ionic melts which has emerged from other data and
cast some light upon clustering phenomena in molten salts. Suggestions
for extension of the present work, both theoretically and

experimentally, are offered.
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I. INTRODUCTION T
During the past several years, a substantial amount of work has ;i:h

been done in the Chemical Sciences Directorate of the Frank J. Seiler
Research Laboratory on the development of low-temperature electrolytes O
for battery applications. Work at the Seiler Laboratory has identified .
a very interesting cla.s of room-temperature molten salts which appear
to be most promising; in addition, these salts have possible
applications inelectroplating, The salts which have been identit‘ied1
and studied are mixtures of aluminum chloride and methylethylimidazolium
chloride, which at least in some concentration ranges are liquid at

temperatures well below room temperature.

The substantial promise shown by these liquids has prompted a great

deal ol effort to determine and understand their chemical and physical ".1

properties. Careful studies of their phase diagram, conductivity, and EEE?
viscositya, as well as of their nuclear magnetic resonance 3 properties, 3§£§
have recently been published. The NMR studies have provided information ;:Zj‘
about the structure of the melts, and a systematic analysis of the ;?72‘

1

concentration dependence of the chemical shifts has strongly suggested
the existence in the melts of structure, i.e. a tendency of the ions in
solution to form clusters. Specifically, Fannii 53_35.3 have proposed
that the anions and cations tend to form "chains® of ions of alternating

sign. 1In order to see what light computer simulation techniques could

104-3
J




b it it o i Mt ol Sl Masit B Sl ekt S ol
" Pl n g R A

L e i S Akt g e gl sl b el il i il Mk NI AL Rt - -

shed on this problem, it was decided that the author would adapt his
Monte Carlo codes to perform a preliminary study of the problem at

hand.

II. OBJECTIVES

The objectives of this project were to: rewrite the existing Monte
Carlo code, which has been used to study a number of liquid systems
including molten salts, to study theoretically one of the melts which
has been studied experimentally at the Seiler Laboratory; to construct
potential functions as realistic as time and computer resources would

permit to describe the melt; and to compute the distribution functions

of these systems using the Monte Carlo code and to draw whatever
conclusions proved to be possible about the extent of the structure,

i.e. the molecular clustering, in these melts.

III. COMPUTER SIMULATION TECHNIQUES

The two principal large-scale machine simulation methods, each of
which has some variants, are the Monte Carlo and the molecular dynamics

methods. These methods have been discussed in detail elsewhereu

, and
here it will be noted only that the molecular dynamics method has the
advantage that transport prbperties, as well as equilibrium

thermodynamic proper:ies, can be calculated. On the other hand, the

Monte Carlo method is simpler to implement, and it was chosen because of
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the lack of knowledge about the intermolecular interactions. It was
felt that until the intermolecular interactions are sufficiently well
characterized that equilibrium thgrmodynamic properties can be
reasonably accurately calculated, there would be little point in

attempting to calculate the (considerably more difficult) tranaport

properties. Furthermore, since the angular correlations which were used -

as a measure of molecular clustering are equilibrium properties, the

simpler Monte Carlo method was sufficient and was deemed preferable.

The salt that was studied, pure imidazolium chloride, is molten at b

temperatures above about 90° C. The cation, imidazolium, is a

heterocyclic planar molecule. The author's Monte Carlo codes had been

written to treat only spherically symmetric intermolecular

interactions, Because the imidazolium ring cannot be regarded in any

reasonable approximation as being spherically .ymmetric, the (massive) ’ NN
Job of converting the code to handle nonspherical interactions had to be
undertaken. This job was completed, and the imidazolium cation was

treated as a positive point charge surrounded by a soft-core repulsive

potential whose equipotential surfaces were ellipsoids, the elongation

of which was treated as a variable parameter. Then the standard Monte 9_,:5J
Carlo algorithm was used to generate configurations of a system of 128 E;i;g{
particles in a box of volume V at a temperature T with probability £i£i§i
proportional to the Boltzmann factor. The temperature, density, E-‘.

molecular sizes and elongation were chosen to approximate the

corresponding parameters for imidazolium chloride at a temperature
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elevated somewhat above its melting point because of the well-documented
tendency of molten salts not to "melt" during computer simulations close
to their melting point. 1In addition, some computer runs were done on a

model of sodium chloride, for comparison,

IV. RESULTS

The purpose of the computer experiments was to look at two-body and
three-body correlations among molecules. The results for the two-body
correlations are expressed in terms of the three radial distribution
functions which determine all the equilibrium thermodynamic properties
of such a system. These functions were examined for consistency, for
convergence, and for overall reasonableness; they appeared to be what
one would expect, although the absence of experimental information
precludes a direct comparison with experiment (see "Recommendations",
below). In particular, the calculations for imidazolium choride (as
well of course as those for sodium chloride) displayed the tendency
always seen5 in molten salt calculations (and in those experiments which
have been done) to be "out of phase," indicating that the positive and
negative charges have a definite positional correlation: positive
charges are surrounded by a small number of negative charges (a

coordination number in the range of four to six).

The most interesting new results which emerged from the computer

studies were calculations of the three-particle correlations, somewhat
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similar to calculations6 recently done on other chloroaluminate melts.
The thermal average of a "bond" angle, namely the anion~cation-anion
angle for all triplets where two anions lie within one coordination
distance of a cation were obtained, both for a model of molten sodium
chloride and for a model of molten imidazolium chloride. For the case
of sodium chloride, relatively few of these angles were 180°, with a far
larger number of angles at or near 90° and 120°. For the model of
imidazolium chloride, however, a very large preponderance of these
anion-cation-anion angles were close to 180°, with smaller secondary
peaks in the distribution function around 67° and 109°. This clearly
implies the existence of the "stacking" or "cnainlike™" behavior

postulated3 in order to explain the NMR structural dac.a.

A relatively simple physical picture emerges. in the case of
simple molten salts like sodium chloride, it has been shoun5 that even
in the molten phase the ions, presumably in order to minimizé their
electrostatic energy, form a liquid with short-range order much like the
sodium chloride (NaCl) lattice, which is cubic. The author would

propose that the major difference in the zase of imidazolium chloride is
the fact that the imidazolium cation, rather than being spherical like
the sodium cation, is flat ("pancake shaped"). Thus, a chlorine anion
would find it more energetically favorable to be above or below the
center of the imidazolium ring, thereby producing precisely the

structure predicted3.

104~7



V. RECOMMENDATIONS

Although these results can be regarded as only preliminary, partly
because of the lack of more definite knowledge about the intermolecular
interactions, it can be stated that they are physically quite reasonable
and most encouraging. In order to make further progress in
understanding tne structural properties of the molten salts of interest
to the Seiler Laboratory, it would seem best to undertake a joint
theoretical and experimental program to study the structure of the melts
that are of interest and under consideration as possible electrolytes.

Specifically, the following steps seem to be the most reasonable:

1. The current theoretical efforts to model the imidazolium
chloride system, using all data available (including MNDO calculations)
to prepare the best intermolecular potential, should be continued. In
addition, study of other angular correlations among triplets Sy the
Monte Carlo method, using the present potential functions, should be
pursued in crder to make clearer the nature of the structure of the

system.

2. An experimental study by X-ray diffraction of molten
imidazolium chloride should be performed in order to provide an
experimental test of che assumed potentials and of the radial
distrioution functions computed from them. Only when they yield

satisfactory agreement with experimental data can the intermolecular
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potentials be regarded as reliable, and only when the intermolecular

potentials are reliable can the conclusions regarding clustering be

regarded as anything but preliminary.

p.A,
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3. In the longer run, it would be desirable to do neutron

M e S e 301
. % o

diffraction studies of imidazoliumn chloride, =ince this technique

e

yields information complementary to that obtained by X-ray

diffraction.

4, Because of the intended application of these molten sa;ta as
electrolytes in batteries, the question of their transport properties,
e.g. their viscosity, electrical conductivity, and mobility, is
crucial. As soon as reasonably accurate intermolecular potentials are

determined, the molecular dynamics method should be applied to study

these transpcrt properties.

5. Finally, of course, it wmust be noted that the actual melts of
greatest interest include aluminum chloride in varying proportions. All
of the above steps (computer studies of the structure accompanied by X-
ray and if possible neutron diffraction experiments and calculation of
the transport properties) should be taken in the case of these melts.
Although this is a rather large task, it is felt that it is feasible and

that the preliminary steps reported here represent a very good start on i

this project. .
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MILITARY FAMILY STRESS
by
Lena Wright Myers

ABSTRACT

This research pursuit derived from an indepth review of related
literature in an effort to discover and delineate the incidences of
stress and the techniques employed to resolve stress within military
families. It offers four broad questions to guide a projected explora=-
tory study. The exploratory study should focus on the possible influ-
ence of family stress on occupational commitment or job involvement—
by comparing scress among dual-career and ncn-dual-career families.

A conceptual framework complemented by a theoretical orieantation for

future implemen:zation of the erxploratory research is provided.
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3 I.  INTRODUCTION !
}; The primary objective of the initially proposed research effort for Z?;
:i the SCEEE Fellow was to discover and delineate the stress resolution éég
a techniques used by middle age (40-45 years) United States Air Force :-_—-a’
Aviators. This objective was subsumed under the heading of Stress Eif
Resolution Among Middle Age United States Air Force Aviators. However, Eii
. as a result of dialogue with her USAF Research Colleagues during her ==
B
’ pre;summer visit, the decision to pursue vesearch on Military Family :‘i
Stress, including the same objective was made. Tﬁis decision was based ;ii
R on knowledge of the limitations in securing an adequate sample of avia- ;;;
' tors for the research initially proposed. In addition, she and her ?33
colleagues conciuded that research on militery family stress would iji
provide a more broadly based set of data than that previously proposed. ;ﬁé
I Being knowledzzzole of the fact that a period of ten weeks would not ;»»‘1
» "y
t: permit the effective implementation of an empirical research project, Eg{
iz she and her USAF Colleagues decided that a logical point of departure éié
, would be that of an indepth search of related literature. :::
w2
N I1. OBJECTIVES t
L

The indepth search of related literature was accompanied by the

LAISA

- primary preparatory objective of developing a research proposal for an o

. (Syichy

- exploratory study to be pursued in the future. From this primary ?}5

:Z preparatory objective, the following objectives for a research design igi

W ."‘
were developed:

2y

1. To explore a set of relationships that have been inadequately K

.‘_..\‘b

studied in part, in order to identify promising leads for i

future research; and Pk
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2. To assess the relilability and validity of measures that could
be used in subsequent research dealing with work and family

relations in the military.

III. APPROACH

In order to accomplish the preceding objectives, an indepth review
of literature was conducted by using various indexing services. These
sources included: Air University Libraries (Specifically, Maxwell AFB,
AL), Strughold Aeromedical, Human Resources Laboratory, University cam- N

pus libraries, and the Researcher’s personal library.

IV. THE POSSIBILITY OF A NEW PARADIGM

During thz Jast century, the U.S. military structure has oxperi~
enced a demozrarhic transformation. The military has shifted from an
institucion in which the majority of the personnel were unmarried to one
in which the majority are married. As a result of this demographic
transformation the intermal structure of the military has shifted from
individuvals of families of origin to conjugal families. In other words,
there seems to exist a more pronounced trend toward familistic institu-
tions today than in previous years.

While military and non-military families may have some common
experiences, there must exist some differences. Family separation and
parental role changing may be two primary factors that create some

forms of stress for these families. Separation and geographical disrup-

tion are generally the results of reassignment of the active duty mem-
ber who, in most instances, is the husband/father. When these husbands/

fathers are assigned to tactical or combat-ready units and are on call
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most of the time, they may be unable to establish regular family rou-

tine. On the other hand, wives may experience particular stress in an
effort to assume both parental roles (1f there are children within the
home), and in some instances, the occupational role,

An effort to discover and delineate the incidences of stress and
the techniques employed to resolve stress within military families is
of primary importance to the researcher. Therefore, the following four
basic questions to guide the research are provided:

1. Do men and women of military families experience the same

incidence of stress?

2. Do military family members provide a supportive environment
wvhich may enhance stress tolerance or do they exacerbate
stress?

3. To wha: 2xteant is commitment to the military occupational role
affected by family related stress? and

4. Has the rapidly increasing number of dual career families in
the military created stress that affects military occupational
role performance?

Even though the preceding are broad questions, the researcher is cast-
ing a broad net in pursuit of an exploratory study in order to identify
interesting relationships that could be studied more intensely in
follow-up research. In addition, there is an emphasis in the proposed
future research that differentiates it from most of the previous
research. That emphasis is upon the effects of family stress ca work
attitudes and behavior. Most of the previous research has been of
effects in the opposite direction, i.e., the influence of being in the

military upon the family.
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A. Review of a Relevant Study

The following study is discussed in more detail than others due
to the fact that it produces evidence regarding the importance of the
military family. It is especially relevant because it is a study of
Air Force personnel and it points to many unanswered questions including
some to be studied in the follow-up proposed research.

In May, 1984, two scholars conducted an investigaticn of occu-
pational and domestic sources of pilot mental health and performance
(1). The primary objective was to determine the effects of occupaticnal

and domestic sources of stress on pilot health, job satisfactiom, and

performance. Mailed specifically designed and pre-designed question-
nairas generarted responses from (N = 523) pilots with a 52.3% response
rate, through the British Airline Pilots Association (BALPA) based in
London. The Zivil Aviation Authority Medic for Manchester Airport also
served as a contact for additional subjects. A sample of 280 pilots’
wives with a response rate of 56X was also used.

There were eleven trends in terms of stressors experienced by
pilots identified in the research. These included: control scheduling,
rostering, anxiety of courses and checks, home/work interface, career

and achievement, insufficient flying responsibility and decision making,

interpersonal problems, management and organizational issues, domestic

status, fatigue and flying patterns. The three concerns relative to
1ife events were emotional losses, pilot characteristics, and emotional Ry
gains. Subsumed under coping strategies were: stability of relation- b

ship and home life, social support, and wives' involvement.
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The results of the study included the following:

~—The investigation of domestic stress involved the identifi-
cation and testing of twenty-nine issues.

——Responses indicate idiosyncracies of pilots' home life.

—The pilots were generally worried about problem identifica-
tion and achievement.

~—Factors relating to control, achievement, careers, and
domestic health emerged; many of which contributed to occu-
pationally oriented trends.

—There was a clear indication that domestic issues related to
occupational oriented trends.

—Wizh reference to the stressors at home that may affect work,

the greatest impacts were related to unresolved and ongoing

—When all items were loaded onto one single factor (stability),
the items all related to the same issue (i.e., relationship
between home and work). This factor was a significant nega-
tive predictor of depression.

—Stressful experiences from home to work were uniformally
summarized in terms of a home/work relationship.

—Domestic stresses at work tend to be cognitive rather than
behavioral.

—The four factors uof coping strategies among the pilots were:
stability of relationship and home life, reason and logic,
social support and wife's involvement. Home life was found

to play a major role in coping.
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—The overall theme for ill health was centered around achieve-
ment and success. and

~-The sources of stress identified by pilots' wives were:
adopting domestic roles, job loss threats to marital rela-
tions, and the lack of an active role in the husband's c#teer
progression and social problems. Other interesting findings
were that the wives perceived pilot job stress as being
related to work sattern fatigue, anxiety of courses and
checks; job stress on pilots relating to irritability,

tension, and decreased performance.

B. Review of Other Related Literature

According to some scholars, problems of the army family have
received relatively little attention in past research on the miliiary
(2). They oifzr as a possible reason for the lack of research on the
army family as due to the very small percentage of married army person-
nel in the past years. Providing supportive data on the increase in
the percentage of married army personnel, they state, "The fact that
many soldiers now have family responsibilities, in addition to their

army responsibilities, suggests that promotion and maintenance of fanily

harmony should act to promote job satisfaction and high levels of job
performance among soldiers from these families." However, Woelfel and

Sevell's study showed no relationship between job satisfaction and

marital satisfaction.
Hunter and Nice suggest that military duty presents a dangerous

threat to the person in the military and the other members of his/her
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family. They state that even though families are identified as being

of importance to military life, military planners and leaders, analysts,
and civilian leaders focus on hardware-oriented capabilities of military
personnel rather than on how families affect mission accomplishments.
The editors noted that in recent years, however, the military organiza-
tion has changed rapidly and more attention is given to family factors
than in previous years (3).

Reinerth states that the presence of thzs service family is,
further, a relatively new phenomenon arising from the need, since World
War II, for a large standing armed force as an aspect of national policy.
She suggests that the military family can be viewed as an asset or a
liability to the person's traditional performance of military duty.

Yet she identifies it as being unique and different in structure and
attitude as compared to civilian life in general (4). She notes that
frequent long-term separation of family members and, chroaic mobility
that require adjustment and readjustment to different environments can
produce stress that may be disruptive to interpersonal family relations
and to the performance of military duty. What can society do to make
the stress a little more bearable for military family members? She
suggests that in some cases, society can prepare the family members for
the stress of separation by providing roles and norms of behavior before
the separation occurs. The preceding statement may be interpreted that
some degree of chronic stress may be advantageous in preparing for
crises as a result of predefined roles or pre-planned forms of behav-

ioral adjustment. Considering the fact that it is not necessarily a
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common practice for a predefinition to occur, and regardless to the
reason or length or the male absenteeism, it becomes very important for
the wife to assume certain roles as the remaining spouse. This implies
that it is the wife's role that may require the most readjustment.

A number of autbors have discussed how military life has
loosened ties between military men's conjugal families and their ex-
tended families and communities. They surmised that should the trend
level off, there are few indications that the military will follow suit
and place families close to their homes of origin (5, 6, 7).

One writer asks the question: what happens to families during
the separation from the other family members? Then he attempts to
answer that question by saying that the families are required to move
off post and relinquish ties to the military community when these ties
are most needco. 23pecially if relatives are not close by to provide
support. Ye gc2s on to say that should suvch relatives be available,
excessive dependency on those relatives may develop (8).

To what extent are military wives involved in their husbands'
careers? Existing social scientific literature usually categorizes
responses to this question into three major orientations. The first of
these is referred to as the housewife which is characterized by complete
isolation from her husband's work. This type is not programmed by the
occupational conditions of the husband, but is a result of her lack of
personal interest or the non-interference policy that may be exhibited
by her husband. The second type is referred to as the Corporate

Executive's Wife. This type is characterized by isolation or involve-

ment in the husband's career. Thus, involvement or lack of involvement
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is regulated by her husband's employer. The thi-d type consists of

wives of diplomatic career officials, some clergymen, and other profes-

sjonals. This type is the recipient of prescriptive behavior of full
participation in the duties and activities that surround her husband's
formal appointnent cr oncupntion. HNer favelvouent is not regarded as a
potential interference with her husband's career. In other words, she
is complementary to her husband's career successes (9). The primary
objective of research that was done by Stoddard and Cabanillas was to
clarify the role of the Army Officer's wife and the changes that occur
within it. They hypothesized that role stresses experienced by the
officers' wives would increase directly with the number of years of
thye ' - husbands' service and their attainment of higher rank and the
duration of his military career. However, this hypothesis was validated
only during tne first half of the officers' career. Thereafter, dépend-
ing upon perceived opportunities whica might result from continued
subjugation of personal and family needs to the requirements of an
officer's wife, the decision to retire at the end of a 20-year career
was accompanied by a rapid decrease in role stresses.

One author examines the changing role and perspectives of Air
Force wives in terms of American societal trends (10). The following
questions were raised: Are Air Force wives still oriented to their
traditional roles, or have other pursuits become more important? What
do they want? What are their points of view? Should they have a role?
Shouid they be required or expected to participate in Air Force activ-
ities? What do they want from life? Does the Air Force complement or

conflict with their personal lives, jobs, families, husbands, or sense
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of selves? A survey relative to the preceding questions was conducted

from a sample of wives of students and faculty members at the Senior
Noncommissioned Officer Academy, Squadron Officer School, Air Command
and Staff College, and wives of noncommissioned officers serving in the
Headquarters Squadron at Maxwell Air Force Base. From the (N = 242) who
responded to the survey, the results were as follows: (1) If given the
opportunity to voluntarily choose preferred Air Force Activities, wives
do not object to participation; (2) Iradirional roles for the respon-
dents have changed, allowing them more freedom to pursue their own
inCerestg with support from their husbands, simulianeously; and (3)
Most wives are happy with the Air Force in cases where it does not
interfere with their jobs, families, or personal lives.
At the Conference on Current Trends and Directions of Military

Family Ressarch in San Diego, California in 1977, the words of Dr.
Benjamin Schlesinger of the University of Toronto suggest the need for
the proposed research and are as follows;

I an optimistic about the family; 1 believe

it will survive. Let us look and do some

research on what allows thousands of military

families to manage. What makes these families

tick? Percentage-wise, there are more military

families who manage despite tremendous pressures,

despite the moving, and we can learn from those

who are surviving and help those who are not.

Let us not forget that families have tremendous

streagth; let us build on them... (11).
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C. The Theoretical Orientation

According to Commander Call, March-April, 1984:
Stress is no strauger to the military, since
our purpose in being is to respond to exactly
the threat that our ancestors had to confront,
but with small differences—it must be an
organized, integrated effort of highly cohe-
sive individuals confronting a known enemy.
However, the less conspicious counterpart of
this stress, equally destructive is the stress
that impacts upon us on a daily basis, at work
and at home (12).
The concept of stress may be viewed from a number of perspec-
tives. One au:thor suggests that previous definitions of stress derived

from three primary points of departure: (1) the physical sciences (a

farce that distorts a body); (2) the physiological concept of homeostasis

(the disruption of the homeostatic conditions of the organism); and

(3) psychological (a factor or situation which poses some threat to the
physical and social well-being of the individual, frustrates the achieve-
ment of some desired goal, or elicits avoidance reactions) (13). Chiles
states that man is a psychological system that learns, strives, tires,
and fears. He suggests that "in evaluating a given situation that we
may suspect to be stressful, we should first consider the nature of the
forces acting upon the individual and the relationship those forces

have to the psychological systems."
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According to McGrath,

Social-psychological stress caa arise from

situational conditions which lead to subjec=-

tive or cognitive appraisal of threat. The

threat can involve acrual or anticipated harms

tc the physical self, the psychological self

and/or interpersonal relations. The threat

may also derive from cenditious of the physi-

cal and/or social environment which deprives

the individual of opportunities to satisfy

physical, psychological, and/or interpersonal

needs (14).
The author concludes that the occurrence of stress and its effects can
be measured at physiological, psychological, behavioral (task and inter-
personal perforionces), and at the organizational level.

A medical sociologist identifies stress as a discrepancy be-
tween the demands impinging upon an individual-—whether the demands are
external or internal challenges or goals, and the individual's responses
to these demands (15). However, in his discgssion of stress and work,
another scholar simplifies the medical sociologist's concept of stress,
to which he refers as "the failure of routine methods for managing
threats." Gross perceived a form of slow stress that may be the result
of a career in an organization; stress in the occupational role (diffi-

culty in doing what is expected of the individual); and organizational

structure stress.
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As noted by Hovath, the primary problem in compiling the liter-

ature on stress {s that the concept of stress ha. been used with so many
different meanings that there no longer seems to be one thing called
"stress" which can be the subject of an overell review (16). According
to this author, the concept of stress appears frequently in articles
without any mention of what the author (writer) means by the term.
Therefore, such confusion in the lack of a workable definitfon of stress,
leaves two choices to the reviewer. Trese may be: (1) to consider all
experiments that are referred to as investigations of stress or (2)
consider only the experiments that fit the reviewer's definition of

stress.

V. RECOMMENDATICON: A CONCEPTUAL FRAMEWORK

Much has teen said about military families in general with some
redundancy. 3uz, what about dual_career families? The number of such
families has in:reased in the military at a rate even higher than among
civilians. Dual careers must contain special potential for creating
stress in the military. For example, if one spouse is transferred to
another post, does the other give up a career and start over in the new
setting? On the other hand, temporary duty separations might be more
easily dealt with if the spouse left behind is busily employed. However,
what happens in these circumstances to procedures for child care if
they involve both spouses? This has relevance to question number 1
which the researchers raised in the Introduction to the proposal. This
could be looked at in terms of differences in how employment for men

and women is traditionally defined, and how trends are changing in the
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military. One approach could be to compare stress among dual career
families and non-dual career families.

The dramatic increase in the labor force participation rate of
women over the past two decades has produced a much higher proportion
of dual career families. Because of rising prices, low military pay,
and diminished benefits, this pattern has occurred even more rapidly
among armed services wives than among their civilian counterparts (17).

In a review of literature on military families, Hunter, et al,
note that among the major changes that have occurred since the shift to
an all volunteer force in 1973 are more dual career families and all
military families, a greater number of active duty mothers and more
single parent families within the military system (18). These changes
are not only a consequence of the increasing labor force activity of
women, but also of the rapid increase in the number of military person-
nel who are married. Members of the Air Force with families now com-
prise more than two thirds of the total force (19).

Most of the research that has been conducted on dual career fami-
lies has emphasized the stress which this pattern creates. Sources
of stress include problems in the divisicn of household chores, child
care, career disruptions occasioned by the transfer of one spouse to
another location, and problems ia the relative commitment of each
spouse to career and family (20).

Several recent studies suggest that these stresses for working
couples may be even more acute in the military because of the amount of

geographi: mobility than these positions entail (21). Williams for
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example, found an increased amount of anxiety among dual career military
families as the time for new duty assignments approached.

Suter also found that transfers were the most often stated problems
by military working couples and that both military members and their
working spouses showed a high level of frustration in attempting to
manage a two career lifestyle (22).

There is some.evidence that there may be a greater problem for
women in the military than tor men. The major conclusion reached by
Woefel was that at least among persons in the enlisted ranks, family
1ife had more impact upon the job performance and job satisfaction of
women soldiers than men soldiers (23). One reason for expecting differ-
ences between men and women in the extent to which family life influ-
ences occupational role performance is the effect of what has been
termed "asymmetrical permeable boundaries between work and family
rolés." The work role is traditionally more vulnerable to family
demands for women than for men and this has been identified as a major
source of stress for women on the job (24).

While there have been some studies of dual-career military fami-
lies, this research has raised more questions than it has answered and
among the questions that have been raised are those listed earlier as
the guiding questions for the proposal in process. The proposal in
pror.ess should help to answer the questions such as whether dual career
produce more stress for women than for men, whether there are particular
family patterns and characteristics thaé either enhance stress tolerance
or exacerbate stress, and whether stress generated by dual careers

affect military occupational role performance and reduces commitment to

a military career.
105-18
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It has been only during the past few decades that any concentrated
research attention has been given to the military family. McCubbin and
Dahl have documented the fact that the sociclogical study of the mili-
tary family is an especially neglected research area (25). Of the
research that has been done, there has been much more attention to
effects of the military career upon the family than to ways in which
family stress may affect work attitudes and behavior. Kanter, however,
has argued convincingly that there are important effects of family life
on work as well as the more frequently studied effects of work on the
family (26).

One potentially important effect that does not appear to uave been
studied at all is the possible influence of family stress on occupa-
tional commitizent or job involvement. An extensive review of both the
family literature and job involvement literature shows no research on
this relationship. There is a large and rapidly growing number of
studies dealing with job involvement, work as a central life interest,
perceived importance of work, and occupational commitment (27, 28).
Work, and family are typically not separate and isolated arenas. It
seems reasonahle to expect that marital stress would influence level of
commitment to work and as a result, would affect occupational role
performance and even the decision to stay on the job. The latter effect
should be of special interest to the military because of its concern
with retention of personnel.

Occupational commitment has been conceptualized by Faunce as

"self-investment in work." Self-investment is defined as a commitment

105-19

agat e
.' .‘ y- . . z.)
Gy s,
e

1”""
R

x
AN
> -
s

NT W e,

[T B2
¥,
r
. .
ot e

plnTp e

B

M

r

Ay
>

L]

"

NN
PR

. ¢ li
R B

1
4
-3
L
Y
L

.
Al

’
.




to work based on the relevance of work related values to self-esteen
(29, 30, 31). The research evidence indicates that work is the major
source of gains or losses in self-esteem for some people, while for
others, work has almost no bearing upon how they feel about themselves.
This variation clearly has an important influence upon work attituaes
and behavior. Research from which it is possible to infer differences
in self-investment in work have beea done in a large number of occupa-
tions, but there do not appear to be any studies of the military.
Analysis of factors that affect the self-inveétment in work of Air

Force personnel, including family related stress, should produce new and

potentially useful information.

The efforts included in this final report will result in a research
proposal for an exploratory study that will respond to the four basic

questions to guide the research listed earlier.
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AIR OXIDATION OF HYDRAZINE - A KINETIC STUDY

by
Datta V. Naik

ABSTRACT

The oxidation of hydrazine in air has been studied in a
350-1liter chamber made of Teflon® film using long-path Fourier
transform infrared spectroscopy (FTIR). Among the chamber
characteristics, its leak rate is found to be negligible, ana
the complete purging is shown to require a volume of fresh,
dry air six times the volume of the chamber.

In the chamber, the rate of hydrazine air oxidatica is
strongly dependent on air humidity. With dry, purified air
the half-life of hydrazine in the chamber is reprcducible and
has an average value of 12.6 ¥ 0.6 hours. The reaction rate
is found to increase with increase in Teflox{g gsurface (increase
in surface to volume ratio) in the chamber. The reaction rate
is also strongly influenced by tlie type and area of other
surfaces placed in the chamber. Among the surfaces studied,
copper increases the reaction rate the most followed by paint-
ed surfaces, aluminum, and stainlesy steel (Type 302), in that
order. Suggestions for further research in this area are

offered.
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I. INTRODUCTION:

Hydrazine (N2H4) is an important member of the family
of high energy fuels widely used by the United States Air
Force and Space Transportation System. For example, hydra-
zine as a 70% solution in water is used as a propellant for
the emergency power unit (EPU) of the F-16 fighter plane.

A 50-50 blend of NZHA and unsymmetrical dimethylhydrazine
(UDMH) , known as Aerozine-50, is used as a fuel for the
Titan missile., Hydrazine and monomethylhydrazine (MMH) are
used in the Space Shuttles as propellants for the thrusters
and for the auxillary power units.

Hydrazine and its derivatives are highly toxic. The
recommended maximum exposure to hydrazine propellants is
exﬁremely low. NIOSH recommends 30 ppb for hydrazine. The
widespread usage of hydrazine with its documented toxicityl'z
to humans and other organisms makes it necessary to charac-
terize the processes which control the fate of hydrazine in
the environment. In view of the problems associated with
spills and vapor releases which occur during Landling, storage
and transport of hydrazine, this study was undertaken to
characterize the kinetics of air oxidation of hydrazine.

Previous work in this area by Stone3 using glass reaction
chambers (30 mi ~ 55 1) had established that the hydrazine
oxidation in air proceeds by the main reaction:

N2H4(g) + 0,(9) —> Ny(g9) + 2H,0(g) (1)

The production of small amounts of ammonia during the oxida-
tion was also reported and was attributed to heterogeneous
side reactions. The rate of hydiazine air oxidation was

found to be strongly dependent upon the reaction cell geometry,
surface composition of the cell, and its surface to volume
ratio.

Stone's experiments involved small glass reaction cham-
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bers with high surface to volume ratios (minimum 0.3 cm'l).
Actual air oxidation of hydrazine in ambient atmosphere is
expected to encounter a surface to volume ratio of 9x10'6cm‘1,
Stone's kinetic study has been extended by Pitts and co-
workerss'6 at the Statewide Air Pollution Research Center
(SAPRC) of the University of California at Riverside using
experimental conditions approaching those of the ambient at-

mosphere.
The SAPRC experiments were conducted using 2800-1 and

6400-1 Tefloﬂg reaction chambers with significantly lower
Teflon was chosen because of its

Unfortunately, only

surface to volume ratios.
expected inertness in these processes.
a limited number of kinetic runs were made and the reported
values for the half-life (T) of the hydrazine decay in air
showed considerable scatter {(Table 1). Nevertheless, the
data still agrees with the trends in the rates of hydrazine
air oxidation reported earlier. The half-life obtained with
the 6400-1 reaction chamber was longer than that obtained in
the 3800-~1 chamber. The half-life obtained with wet air was
lower thanr that with dry air. The accelerated decay of the

hydrazines in wet air had been observed before by Stone’.

The purpoce of the present strdy was to obtain reliable
kinetic data for the air oxidation of hydrazine by using ex-
perimental conditions similar to those used at the SAPRC.

II. OBJECTIVES:

This project had two sequential goals. The first goal
wag the determination of the characteristics of a newly-con-
structed reaction chamber made of Teflon’9 film for the air
oxidation of hydrazine. The characterization involved the
physical properties ol the chamber (leak rate, purging time
etc.) and the effects of the chamber (surface, surface/volume
ratio, etc.) on the stability of hydrazine fuel vapors at
gelected parté-per-million concentration levels. The second
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TABLE 1., DECAY OF HYDRAZINE IN AIR IN ’I‘EFLON@)CHAMBERS.a

Chamber Size Relative Length of Half-Life
(liters) Humidity Experiment {hrs)
of air _ (hrs)
6400 13 % 6 16.4
3800 12 & 4 6.8
3800 12 ¢ 6 10.8
3800 55 % 3.5 4.9

3pata from reference 6; Temperature: 22-24°C.

SIDE PORT WITH
CLAMP

SEPTUM

>

/[
r’ ~—— & DRY AIR
‘ \

INJECTION
) PORT

Y

INLET TUBE

Figure 1. 'refloxf3 Reaction Chamber. (Aluminum-~Plexiglass
Enclosure and the Multiple-~Reflection Optics are

not shown for clarity)
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goal was to investigate the kinetics of the hydrazine air
oxidation as a function of different surfaces of known area
placed inside the ghamber.

III. EXFERIMENTAL

III. 1. Reaction Chamber

The reaction chamber (Figure 1) was basically a bag
(0.9 m x 0.6 m x 0.7 m) constructed from DuPont FEP (50 um
thick) Teflon‘9 film. The bag was held semi-rigidly inside
a cage made of aluminum framing and plexiglass walls. A
valved exhaust of more than 30 1 per minute was connected to
the top of the chamber. For vapor mixing purposes, a 'I'ef.lcméJ
coated five-bladed fan was installed near the top of the
chamber and was driven by an external motor.

Introduction of hydrazine vapor and air to the chamber
was achieved through an inlet port consisting of Teflong)
tubing (7 mm i.d.) with one end extending inside the chamber.
The other end of the tubing was connected via a Teflon valve
to a small glass injection bulb equipped with a septum and
wrapped with a heating tape. The injection bulb in turn was
connected to an air purification unit through a glass man-

ifold with Tefloﬁg valves.

The reaction chamber also contained a tubular port,
30 cm in diameter, on one of its sides for placement of
materials such as metal plates etc. in the chamber. This
port was closed by folding and was sealed with a wooden clamp
during kinetic runs. In addition, the plexiglass enclosure
was connected to a continuous hood-exhaust for safety reasons.

III. 2. Llong Path-length Optics and FT-IR Spectrometer

The reaction chamber was equipped with the White-type8

multiple-reflection optics (Figure 2) which consisted of an
in-focus (nesting) mirror'and two collecting mirrors, all
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with a common radius of curvature of 80.0 cm. The multiple
of the basepath (80.0 cm) attained, and thus the total path-~
length was determined by counting the number of spots from a
He-Ne laser as seen on the nesting mirror. The laser beanm
was kep” in coincidence with the infrared source beam. The
optics which were normally operated at 46 passes (pathlength
of 3680 cm) was interfaced to the Nicolet 7199 Fourier Trans-
form Infrared (FT-IR) Spectrometer and an HgCdTe detector
(cooled with liquid nitrogen) through IRTRAN windows on the
reaction chamber.

III. 3. Materials

Anhydrous hydrazine (fuel grade, 98+ percent purity) was
obtained from Rocky Mountain Arsenal and was used as received.
Pure methane gas was obtained from Fisher Scientific Co., and
sulfur hexafluoride was supplied by Air Products and Chemicals,
Inc.

The metal plates (copper, aluminum, and stainless steel
$#302) cut from stock metal (0.04-0.16 mm thick) were supplied
by the Engineering Support Facility, Tyndall AFB. The plates
were cleaned with soap and water and finally with acetone.

III. 4. Air Purification System

The dry, purified air was obtained from the air purif-
ication systea that included compressed air (90-120 psi) from
an Ingersoll-Rand compressor (7.5 HP), Zeks-Therm Dryer (Zeks
Air Dryer Corp., Malvern, PA), Aadco 737 Pure Air Generator
(Aadco Inc., Ruckville, MD) and in the final stage, Pure Gas
Heatless Dryer (General Cable, Apparatus Division, Westmirster,
CO). The air generated by this system was very dry and had
a rclative humidity of about 1-2 percent (determined with a
General Eastern Model 1500 Hygrocomputer).
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EXHAUST PORT FT-IR BEAM
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Diagram of Multiple-Reflection Optics
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Figure 3. Typical FT-IR Spectrum of the Chamber Contents
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IV. PROCEDURE:

For cach kinetic experiment, the reaction chamber was
flushed with at least 6 volumes of dry air from the air pur-
ification system. The background spectrum of the dry air in
the chamber was obtained before introduction of any hydrazine.

‘ThO‘hyd:azine sample was introduced into the chamber by
first removing some of the chamber air followed by the injec-
tion of the desired volume (usually 50 ul) of N,H, into the
injection bulb (pre-warmed to 60°-70°C)., The hydrazine vapors
were then flushed into the chamber by using dry air until the
chamber was inflated to its normal size. The chamber contents
were mixed with the fan during this operation.

V. DATA COLLECTION AND PROCESSING:

The concentration-time profile of hydrazine was monitor-
ed by PT-IR spectroscopy using 3680 cm pathlength (except
where noted) and 1 cm'l spectral resolution. The infrared
spectra in the region 4000-700 cm'1 ware recorded using 256
co-added interferograms for the background (dry air) spectrum
and using 128 co~added interferograms for each sample spectrum.
In the kinetic runs in the presence of metal surfaces, only
32 co-added interferograms per spectrum were used because of
the observed faster reaction rates.

The concentration of hydrazine in the reaction chamber
was calculated from its absorbance at 958 cm *. The absor-
bance coefficient of hydrazine at 958 cm..1 was determined in
this laboratory to be 4.65 cm * atm ' (base e). An FT-IR
spectrum of hydrazine in the 1400-700 cm ' region is shown in
Figure 3. The peak at 1306 cm * is due to CH, which was
routinely used with hydrazine to monitor chambev leakage (see
Discussion). ' o - o T
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VI. TREATMENT OF KINETIC DATA L

Previous studies3’9 have shown that the reaction between
Nzu‘ and O2 is first order in hydrazine and first order in

oxygen. In the present study of the oxidation of hydrazine tﬁﬁﬂ

at parts-per-million concentration levels in air, the oxygen &‘
concentration will be in large excess. Therefore, the re- 2;:if
action should follow a pseudo-first order rate law, viz: kxﬂﬁf
- d (N,H,] = k [N,H,] (2) :.:‘-\:.
dt 274 24 :’:.
or 1n [N284]t = -kt + [NZH411 (3)

where k = rate constant, and subscripts i and t represent
hydrazine concentrationzat time zero and at time t, re=-
spectively.
Therefore, a plot of ln [Nzﬂ‘)t vs time should be a straight
line with the slope equal to -k. The half-life (T) can be

calculated from k by the':elationship: T = 1n2 (4)
k

A typical first order plot obtained for the air oxida-
tion of hydrazine in the 'reflonm reaction chamber is illus-
trated in Figure 4. All the kinetic plots yielded a correl-
ation factor in the range of 0.996-1.000 except in the case
of the kinetic data obtained with a painted aluminum surface
(£® = 0.986-0.994).

VII. RESULTS AND DISCUSSION:

VII. 1. Chamber Characterization

A. Chamber lLeak Rate: To determine the leak rate of the
chamber, 5 torr of sulfur hexafluoride (SFS) from a 48.5 ml
pyrex bulb was flushed into the chamber with the dry air.
The concentration of SF6 in the chamber was rollowed as a

function cf time by measuring its absorbanc. at 947 cm-l.

"

The absorbance coefficieat of SF. at 947 cm-l was determined f:

in this laboratory to be 495 cm-i atm™' (base e). Sulfur i

hexafluoride, which has the well defined infrared absorption, N

was chosen for the leak study because 'l’oaflon[‘QD film is not i;ﬁi,
<o
i
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permeable to a molecule this large., Over a time period of

5 hours, the SPG concentration changed from 0.79 ppm to 0.78
ppm corresponding to a leak rate of less than 0.3% per hour.
Thus the chamber appeared to be virtually leak-proof under
the experimental conditions.

Since the side port of the chamber had to be opened and
closed each time objects were placed inside or removed from
the chamber, it became necessary to ascertain that the side
port was airtight after such operations. Moreover, a leak
could develop any time if the chamber was punctured or its
seals broken. Therefore, leak integrity of the chamber had
to be monitored during each of the N2H4 kinetic runs. Un-
fortunately, SF6 could not be used for téis purpose as its
absorbance is in the same region (947 cm ) as that of
N2H4 (958 cm'l). Methane gas was found to be a satisfactory
substitute fcr SF6 for leak monitoring. Methane has a strong
absorbance at 1306 cm T (absorbance coefficient = 11 cm t
atm™! (pase e)!?) and it does not interfere with N, H, ab-
sorbance.

In practice, about 20 torr of CH4 from a 500-ml pyrex
bulb was introduced into the chamber along with the NZH4
sarple to yield a concentration of about 32 ppm CH4 in the
chamber. The methane concentration was determined =ach time
the N_H, concentration was measured. A typical concentraczion-

274
time profile of CH4 during a N2H4 kinetic run is shown in
Figure 5. The kinetic runs in which the methane concentration
decreased significantly in the first 4 hours, were terminated

at this point and the chamber was inspected for leaks.

B. Chamber Purge Ch:racteristics

For each of the kinetic experiments, the chamber was
flushed with the dry air (at a rate of about 30 liters per
minute) p ‘ior to the final fill. The air inflow was balanced
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by opening the chamber exhaust valve to maintain an equil-
ibrium as noted by constant chamber volume. The mixing fan R
was kept running during this operation to ensure rapid purg-
ing. The time necessary for complete replacement of the
chamber contents with fresh dry air was determined by follow-
ing the decrease of N2H4 (left over from a previous kinetic
run) concentration with time (Figure 6), and also by observ-
ing the decresase in water absorbance at 1827 cm © (Figure

7). Both measurements indicated that the purging was com-
plete aficer about 45 minutes. Therefore, the routine flush-
ing of the system was done for at least an hour, which cor-
responded to the use of a volume of fresh, dry air 6 times
the volume of the chamber.

e sl AR
Ik N
l‘-.l')"w
-

13
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" 13
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VII. 2. Rate of the Air Oxidation of Hydrazine in the
Chamber

Initial kinetic experiments using room air and N284 in
the chamber followed a first order rate law. However, the
reaction rates obtained were not reproducible {Table 2).
The wide scatter of the results was attributed to the vary-
ing moisture content of the room air. Consequently, subsequent
experiments were conducted using only dry air from the air

purification system.

The results obtained from kinetic runs with hydrazine
and dry air in the chamber are summarized in Table 3. The
first set of three experiments (#1-3) were conducted without
any mixing of the chamber contents (chamber fan off), and
showed pocr reproducibility. Programmed mixing was used in
the second set of three experiments (#$4-~6), and involved a
t_.aer which turned on the chamber fan for 2 minutes every
half-hour during a run. The data revealed that mixing was
essential to obtain reproducible kinetic data.

The average half-life obtained, with programmed mixing
was 12.6 £ 0.6 hours. This value was considered to be the
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TABLE 3. DECAY OF HYDRAZINE IN ROOM AIR.®

E:;p. i-engti:h of b Eata k T
Kinetic Run Points -1
" (hrs) (hr ™) {hrs)
b 6 10 0.146 4.8
2 6 1l 0.085 8.2
3 6 11 0.183 3.8

3tnitial concentrations:

97 - 112 ppm 8254.

bChamber contents were not mixed during these experiments.

DECAY OF HYDRAZINE IN DRY, PURIFIED AIR.2 . |

TN R T YT 7 vy
o AR
. PR R ;

pCR
.
A\

NG
.

TABLE 3.
Exp. Initial NoH Program~- § Data k T
¢ Concentration med Pointsd (-1, (hrs)
(ppm) Mixing
1 113 NO 18 0.0566 12.2
2 104 NO 17 0.0475 . 14.6
3 112 NO 14 0.0416 l6.6
4 109 YES 9 0.0537 12.9
5 1z YES 9 0.0583  12.5
6 364€ YES 8 0.0562 12.3

3rhese and all other kinetic experiments were conducted at
ambient laboratory temperature (23°-28° C).

b

~»~PT-IR_pathlength—wal 1760.cm for this kinetic run.
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characteristic base-line half-life for the air oxidation of
hydrazine in the chamber with its surface and inherent surface

to volume ratio.

Kinetic runs #4-6 also reveal that the rate of air ox-
idation of hydrazine was independent of initial NZH4 concen-
tration, as expected for a first order kinetics.

VII. 3. Effect of Surface to Volume Ratio

The effect of increased Tefloéj surface to volume ratio
(s/v) on the rate of air oxidation of hydrazine was studied by
hanging several rectangular (45.0 cm x 30.5 cm) pieces of
Teflon® film (50 pm) from the chamber ceiling using tiny
pieces of Mylar tape. The results of this study, summarized
in Table 4, indicate a strong dependence of the reaction rate
on the surface to volume ratio. The decrease in half-life
with increase in s/v reveals the significant role of hetero-
geneous surface reaction between hydrazine and oxygen.

VIi. 4. Effect of Metal Surfaces

The hydrazine-air reaction was studied in the presence
of different metal surfaces (copper, aluminum, painted alum-
inum and stainless steel) in the chamber to determine the effect
of each type of surface on the rsaction rate. Metal plates
(usually 10 cm x 60 cm) were held in place by two grooved
Teflon'9 cylinders (diam. = 2.54 cm) with the long edge of the
plates placed in the grooves. The cylinders could .0ld up to
15 plates with a groove separation no less than 3 cm.

®

The increase in Teflon surface area due to the tvn Tef-
1on® racks was estimated at 0.2 m?. The half-life for the
hydrazine decay in the presence of these racks (empty) was
determined to be 12.2 hrs (average of four determinations).
This value is comparable to the average half-life (12.6 hrs)
in the absence of the racks. Therefore, the effect of the
racks oa the reaction rate was considered negligible.
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TABLE 4. EFFECT OF TEFLONC-SURFACE TO VOLUME RATIO - =
ON HYDRAZINE DECAY R
‘\’;‘-
Exp. Teflorf® Area s/v # Kinetic Avg. k Avg. Tb Y
¢ S, (r?) (m~1) Runs (hr~1) (hrs) -
. yi};
iy
S N 3.5 10.9 3 0 05SS1  12.6%0.6 4
2 5.1 15.9 : 3 0.0726 9.5%0.8 : § .
3 6.2 19.4 4 0.0916 7.6%0.8 ﬁ~
L? )
3Chamber volume: 320 liters; Chamber surface: 3.5 mz. Fﬁ}'i
~ 1‘.‘..3
bErrors given correspond to two standard deviations. ‘:f‘-

TABLE 5. EFFECT OF METAL SURFACES ON HYDRAZINE DECAY

Type of surface Area # Kinetic Avg. k Avg. T &
o (m?) Runs (hz~1) (hrs)
Copper 0.12 5 0.263 2.6%0.7
Aluminum 1.25 3 0.0801 8.6%0.6
Aluminum Foil 0.60 2 0.0548 12.6%0.3
Stainless Steel 0.80 3 0.0626 11z 1
(Type 302)

Painted Aluminum > 30 3 0.249 2.8%0.8

(F~16 Type Paiat)

8crrors given correspond to two standard deviations.
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The reaction rates obtained in the presence of various
metal surfaces are summarized in Table 5. Also listed in the
Table are the surface areas of each metal used in the exper-
iments. Among the surfaces studied, copper showed the most
effect on the rate of the air oxidation of hydrazine. A
copper surface of only 0.12 mz yielded an average half-life
for the reaction of only 2.6 hours. Aluminum foil (0.60 mz)
had no apparent effect on the reaction rate. Aluminum plates
(1.25 mz) cut from the stock metal increased the reaction
rate substantially (T = 8.7 hrs ). Stainless steel (Type
302) had only a slight effect on the reaction rate (T = 1l
hrs with 0.80 mz). ‘In addition to the metal surfaces, even
a painted surface (Al plates crated with a paint used on U.S.
fighter planes) accelerated the reaction (T = 2.8 hrs/1.30 mz).
This painted surface was more effective than all the metals
studied except for copper.

A-ray photoelectron spectroscopy (XPS) studies have shown
that at room temperature hydrazine is adsorbed molecularly on
a copper surface11 while the adsorption of hydrazine on alum-
inum12 and iron!3 results in cleavage of the N-N bond and pro-

duction of NH2°, NH°*, N and H ad-atoms. It also has been noted

that the H ad-atoms formed on Al and Fe remain adsorbed and
inhibit subsequent adsorption of N2H4. These XPS results and
the present study suggest that a surface exhibiting molecular
adsorption of hydrazine will be more effective in accelerat-
ing the air oxidation of hydrazine than a surface which gen-
erates H ad-atoms on decomposition of adsorbed N2H4.

Table 6 lists some of the trends observed in the kinetic
data obtained with the various surfaces. For all the suffaces
except aluminum foil, the half-life obtained for the first
kinetic run foar each of the surfaces was shorter than for the

subsequent runs. This pattern may be partly due to the poisen-

ing of surface activity by accumulation of unidentiiied pro-
ducts on the surface. The small T values ocbtained for the
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TABLE 6. TRENDS IN Nzﬂ‘ KINETIC DATA WITH METAL SURFACES

Kinetic T (hrs)
Run ¢ ~ Copper Aluminum Al Foil St. Steel

Painted Al

2.1 4.6" 12.7 10.0
2.8 9.0 12.6 11.6

2.8 g.3P 11.8
3.2 g.4P
2.s°

N e W N

1.52
2.2

3.2
3.1

%Metal plates were cleaned before this kinetic run.

b'rhese results were not used in calculation of average values

listed in Table 5.
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